
SECTION 7

ASSESSMENT OF POTENTIAL SOLUTIONS

F o l l o w i n g  t h e  i d e n t i f i c a t i o n  o f  p o t e n t i a l  s o l u t i o n s  f o r  r e t u r n  f l o w
q u a l i t y  p r o b l e m s , t h e  t e a m  d i r e c t e d  i t s  e f f o r t s  t o  t h e i r  s y s t e m a t i c  a s s e s s -
ment. I t  w a s  u n d e r s t o o d  t h a t  a l t e r n a t i v e  s o l u t i o n s  w o u l d  b e  m o r e  o r  l e s s
accep tab le  (and  thus  imp lementab le )  depend ing  on  the i r  impac ts  on  the
a f f e c t e d  p a r t i e s . “ t e s t i n g ”  p r o c e d u r e s  w e r e  d e v i s e d  t o  d e t e r m i n e  t e c h n i c a l ,
e c o n o m i c ,  p o l i t i c a l , a n d  s o c i a l  a c c e p t a b i l i t y  o f  a l t e r n a t i v e  s o l u t i o n s .  A s
i n d i c a t e d  p r e v i o u s l y , these  procedures  invo lved : a )  t h e  p r o j e c t  t e a m ;
b )  s t a t e  a n d  f e d e r a l  a g e n c y  p e r s o n n e l ;  c )  i r r i g a t i o n  w a t e r  m a n a g e r s ;  a n d
d)  water  users .

“SCREENING” SOLUTIONS

A  f i r s t  e v a l u a t i o n  o f  s o l u t i o n s  w a s  d o n e  b y  t h e  p r o j e c t  t e a m . Composed
a s  i t  w a s  o f  e n g i n e e r s ,  e c o n o m i s t s ,  s o c i o l o g i s t s ,  a n d  a n  a t t o r n e y ,  t h e  t e a m
w a s  a b l e  t o  j u d g e  a l t e r n a t i v e  s o l u t i o n s  i n  t e r m s  o f  t e c h n i c a l ,  e c o n o m i c ,
l e g a l , and social feasibility (per criteria outlined in Figure 4). I n -
appropr ia te  and  i l l -adv ised  so lu t ions  were  weeded ou t ,  though the  number  was
n o t  g r e a t . A l t e r n a t i v e s  w i t h  p o t e n t i a l  f o r  s i g n i f i c a n t  i m p a c t s  o n  t h e  q u a l -
i t y  p r o b l e m  a n d  t h o s e  w i t h o u t  p r o h i b i t i v e  c o s t s  w e r e  r e t a i n e d  f o r  e v a l u a t i o n
b y  o t h e r s . The  team w ished  to  p resen t  the  w ides t  poss ib le  range  o f  a l te rna-
t i v e s  t o  s u c c e e d i n g  e v a l u a t o r s .

A  second eva lua t ion  was  accompl i shed  by  federa l  and  s ta te  agency  per -
sonne l , c h i e f l y  t h o s e  p r e s e n t l y  o r  p r o s p e c t i v e l y  i n v o l v e d  i n  a d m i n i s t r a t i o n
o f  wa te r  qua l i t y  improvement  p rograms. T h e  a l t e r n a t i v e  s o l u t i o n s  w e r e
s c r e e n e d  b y  t h o s e  w i t h  t e c h n i c a l  a n d  l e g a l  e x p e r t i s e ,  a  g r o u p  w i t h  a  s p e c i a l
concern  fo r  admin is t ra t ion  o f  l aws  and  p rograms. T h i s  g r o u p  t e n d e d  t o  s o r t
o u t  t h o s e  s o l u t i o n s  w h i c h  d i d  n o t  f i t  w i t h i n  t h e  f r a m e w o r k  o f  e x i s t i n g  l a w s ,
r u l e s  a n d  r e g u l a t i o n s  a n d  w h i c h  w o u l d  t h e r e f o r e  b e  d i f f i c u l t  t o  i m p l e m e n t .
T h e  l i s t  o f  a l t e r n a t i v e s  w a s  r e d u c e d , bu t  no t  so  as  to  exc lude  some so lu t ions
w h i c h  w o u l d  b e  p o s s i b l e  w i t h  c h a n g e s  i n  l a w s ,  r u l e s  a n d  r e g u l a t i o n s .

The  th i rd  eva lua t ion  was  comple ted  by  managers  o f  wa te r  supp ly  agenc ies
( e . g . , i r r i g a t i o n  c o m p a n i e s  a n d  d i s t r i c t s )  a n d  t h e i r  b o a r d s  o f  d i r e c t o r s .
T h e s e  w e r e  i n d i v i d u a l s  h a v i n g  r e s p o n s i b i l i t y  f o r  d i s t r i b u t i o n  o f  w a t e r  a m o n g
fa rms  o f  members  and  pa t rons  and  fo r  ma in tenance  o f  sys tem fac i l i t i es . Be-
c a u s e  t h e y  a r e  p o t e n t i a l l y  r e s p o n s i b l e  f o r  a d m i n i s t r a t i o n  o f  r e v i s e d  r u l e s
govern ing  d ivers ions  and use o f  water , t h e y  t e n d e d  t o  r e s i s t  m e a s u r e s  o f
c o n t r o l . Bu t  they  were  aware  o f  wate r  qua l i t y  p rob lems;  they  were  genera l l y
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c o n v i n c e d  o f  p o s s i b i l i t i e s  f o r  i m p r o v e d  u s e  o f  w a t e r ;  a n d  t h e y  t e n d e d  t o
f a v o r  q u a l i t y  c o n t r o l  m e a s u r e s  l o c a t e d  a n d  a d m i n i s t e r e d  a t  t h e i r  l e v e l  r a t h e r
t h a n  a t  h i g h e r  o r  l o w e r  l e v e l s .

F i n a l l y , the  four th  eva lua t ion  was  done by  the  fa rmers  who use  water  in
i r r i g a t i o n  o f  c r o p s . T h e y  w e r e  i n t e r v i e w e d  s e p a r a t e l y ;  t h e r e  w a s  d i s c u s s i o n
o f  t h e  r e t u r n  f l o w  q u a l i t y  p r o b l e m ; a n d  p o t e n t i a l l y  u s e f u l  s o l u t i o n s  w e r e
out l ined  and d iscussed. T h e s e  i n d i v i d u a l s , though  a la rmed by  p resen t  e f fo r t s
t o  c o n t r o l  t h e i r  u s e  o f  w a t e r , s h o w e d  b o t h  a b i l i t y  a n d  w i l l i n g n e s s  t o  c o m p r e -
hend  p rob lems o f  wa te r  qua l i t y  and  dea l  w i th  them. They  were  very  p rac t i ca l
i n  t h e i r  j u d g m e n t s  o f  i m p l e m e n t a b i l i t y  o f  t h e  v a r i o u s  a l t e r n a t i v e  s o l u t i o n s ,
and  they  tended to  favor  those  measures  a imed a t  improved use  o f  wa te r  in
a g r i c u l t u r e . I t  was these measures over which they had some control .

The overal l  response to al l  such solut ions depended somewhat on who was
d o i n g  t h e  e v a l u a t i n g . A d m i n i s t r a t o r s  w e r e  m o r e  i n c l i n e d  t o  f a v o r  t h e  t e c h -
n i c a l  s o l u t i o n s  w h i c h  w e r e  m o s t  f a m i l i a r  t o  t h e  a g e n c y  p e r s o n n e l . They
w e r e  i n c l i n e d  t o  p r e f e r  m e a s u r e s  t h a t  t h e y  c o u l d  c o n t r o l  a n d  a d m i n i s t e r ,
s i n c e  t h e i r  e x p e r i e n c e  w a s la rge ly  w i th  wate r  resource  deve lopment  and  d is -
t r i b u t i o n . Users  tended  to  p re fe r  those  so lu t ions  wh ich  emphas ized  manage-
m e n t  o f  w a t e r  i n  a g r i c u l t u r e . They  were  aware  o f  some ine f f i c ienc ies  in
water  use , some nonconserva t i ve  uses  o f  wate r  and  land ,  and  they  knew o f
poss ib i l i t i es  fo r  improved management . M a n a g e r s  o f  d i s t r i b u t i o n  s y s t e m s
w e r e  a w a r e  o f  i n a d e q u a c i e s  i n  t h e i r  s y s t e m s  a n d  l i k e d  p r o p o s a l s  f o r  i m p r o v e -
ment. T h e y  t e n d e d  t o  f a v o r  t h e  i n f l u e n t  c o n t r o l  m e a s u r e s ,  i . e . ,  s o l u t i o n s
a f f e c t i n g  d i v e r s i o n  a n d  a l l o c a t i o n  o f  w a t e r  a m o n g  u s e r s . Farmers understood
t h e s e  s o l u t i o n s ,  t o o , bu t  were  unders tandab ly  concerned  abou t  poss ib le  reduc-
t i o n s  i n  t h e i r  a n n u a l  a l l o t m e n t s .

P r o b a b l y  t h e  g r e a t e s t  s u p p o r t  w a s  f o u n d  f o r  t h o s e  s o l u t i o n s  t h a t  d e a l t
w i th  improved  management  o f  wa te r  in  agr i cu l tu re . There  was  apprec ia t ion
i n  m o s t  o f  t h e  p r o j e c t  a r e a s  f o r  t h e  e f f i c a c y  o f  t h o s e  m e a s u r e s  t h a t  a f f e c t e d
on-farm use. B u t  t h e r e  w a s  a l s o  a p p r e c i a t i o n  f o r  s o l u t i o n s  p r o p o s i n g  n e w
c o n t r o l s  o n  d i v e r s i o n s  a n d  u s e , i n  t w o  o f  t h e  p r o j e c t  a r e a s  w a t e r  a l l o c a t i o n s
a r e  u s u a l l y  l a r g e ,  i . e . , there  i s  an  abundant  supp ly . The managers of  d is-
t r i b u t i o n  s y s t e m s  a n d  f a r m e r - u s e r s  o f  w a t e r  k n o w  t h a t  g r e a t e r  e f f i c i e n c i e s
in  water  use  can be  ach ieved. T h e i r  c o n c e r n  i s  f o r  l o s s  o f  r i g h t s  w h i c h  h a v e
been  long  he ld  and  ca re fu l l y  guarded . There  was  some in te res t  in  water
markets, a s  a  m e a n s  f o r  a l l o c a t i n g  s u p p l i e s , b u t  u n f a m i l i a r i t y  w i t h  s u c h  a
measure  in  some areas  p revented  en thus ias t i c  suppor t .

B e f o r e  p r e s e n t i n g  c h a r a c t e r i s t i c  p a c k a g e s  o f  s o l u t i o n s ,  w e  m u s t  a d d  a
few words  as  to  the  p rocess  o f  f i e ld  assessment . To  gu ide  th is  assessment  by
p e r s o n s  i n  t h e  “ f i e l d ”  ( i . e . , federa l  and  s ta te  agency  personne l  concerned
w i t h  t h e  a d m i n i s t r a t i o n  o f  w a t e r  l a w , m a n a g e r s  o f  i r r i g a t i o n  d i s t r i c t s ,  a s
w e l l  a s  i n d i v i d u a l  u s e r s ) ,  a  “ r a t i o n a l e  f o r  d i s c u s s i o n ”  w a s  d e v e l o p e d . T h i s
“rationale” and, a t  t h e  s a m e  t i m e ,  g u i d e l i n e s  f o r  i n t r o d u c i n g  t h e  c o n t e n t  o f
f i e l d  d i s c u s s i o n s , i s  reproduced  in  Tab le  1 . The fo rmat  p rov ides  the  bas is
f o r  a p p r o a c h i n g  a l l  p e r s o n s  i n t e r v i e w e d  i n  t h e  s a m e  w a y ,  i . e . ,  w i t h  t h e  s a m e
o b j e c t i v e s , same explanat ions and the same quest ions. I t  was an approach
e s s e n t i a l  t o  t h e  r e d u c t i o n  o f  b i a s  a n d  t h e  a c q u i s i t i o n  o f  i n f o r m a t i o n  w h i c h
c o u l d  b e  u s e d  i n  c o m p a r i n g  r e s p o n s e s  t o  a l t e r n a t i v e  s o l u t i o n s .
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TABLE 1. RATIONALE AND DISCUSSION OUTLINE OF WATER QUALITY PROBLEMS

With Water Use Administrators, Distribution System Managers and Water Users

I. We have asked you to meet with us as participants in a research project which may be important to the
use of water in agriculture.
A. We are inquiring about the quality of water used in irrigation and returned to the source.
B. We are considering the alternative means and mechanisms for maintaining that quality.
C. We are asking water users to help us evaluate those means and mechanisms that may be employed to

maintain quality.

II. We are all aware of the growing public interest in water quality. Evidence of this interest is the
Water Quality Control Act of 1972, which expresses our intent to clean up the nation's waters.
A. We are directed to establish quality standards, identify pollution sources, measure and specify

the pollutants, and take action to control waste water discharges.
B. Various governmental agencies, chiefly the EPA, were given the responsibility for implementing

the Act.

III We are also aware that a use of water which is important to us, i.e., irrigation of crops, causes
degradation of stream quality as silty or salty return flows find their way to the source.
A. Some of this kind of pollution is inevitable--it is a natural consequence of use of water for

irrigation.
B. But some return flows are unnecessarily silt laden or saline. They are a consequence of improper

management of water in diversion, distribution and/or application of water to land.
C. We know that we must take action to remedy these pollution problems. But what should we do?

IV. The EPA, acting at the instruction of Congress and without a very clear or specific understanding of
irrigated agriculture, tried to implement a control program--a discharge permit system.
A. This system does not appear appropriate to agriculture and it is not working.
B. They now seem ready to consider something else--a different approach to maintenance of quality of

streams where water is diverted for irrigation.
C. They have asked us to find and to evaluate alternatives to the discharge permit system.
D. We have committed ourselves to a search for workable alternatives and we seek the involvement of

water users in this search. For an implementable policy or program for pollution control must be
acceptable to those who will be affected.

V. Now, the Valley has been identified as an irrigated area with a problem--a problem of
A. Do you agree?

than desirable?
Is it your understanding that the quality of return flows from agriculture is less

Do you expect that something will have to be done to improve return flows?
(Solicit the expression of opinions about the nature and extent of the problem.)

VI. We have accepted the generally held view land the supporting evidence) that a problem of
exists, and have started our search for alternative solutions.
A. We began with the understanding that institutions (e.g., taxes, subsidies, permits, rights, pricing

policies, etc.) are as important to pollution control as technologies (e.g., canal lining, new
irrigation systems, treatment plants, etc.).

B. We have sought those institutions, technologies, or combinations of institutions and technologies
that are acceptable, or least objectionable, to water users in agriculture.

c. We have screened our lists of alternatives via consultation with water lawyers, water agency
personnel, district managers, et al..- -

D. We now seek your evaluation of these alternative, pollution controlling technologies and
institutions. And if we have overlooked some, we hope you will add them to our list. Will
you look at them with us?

[Present for discussion list of alternatives in Valley --the physical dimensions,
the legal possibilities, the economic incentives, the penalties, the organizational
bottlenecks, etc.]
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The ra t iona le  fo r  d iscuss ion  was  used in  con junc t ion  w i th  the  summary
o f  t e c h n o l o g i c a l  a n d  i n s t i t u t i o n a l  a l t e r n a t i v e s  d e v e l o p e d  b y  t h e  i n t e r d i s c i -
plinary team. In  the  case  o f  R io  Grande and Yak ima Va l leys ,  ex tended tab les
have  been p roduced summar iz ing  a  w ide  range  o f  a l te rna t i ves  appropr ia te  to
t h e  i m p r o v e m e n t  o f  i r r i g a t i o n  r e t u r n  f l o w s . I n  G r a n d  V a l l e y ,  g i v e n  t h e
b e g i n n i n g  o f  i m p l e m e n t i n g  a  s e r i e s  o f  t e c h n i c a l  s o l u t i o n s ,  a  m o r e  e l a b o r a t e
d i s c u s s i o n  o f  o n - g o i n g  e f f o r t s  w a s  u n d e r t a k e n . F u r t h e r m o r e ,  g i v e n  t h e  s p e c i -
f i c  c i r c u m s t a n c e s  o f  e a c h  c a s e  s t u d y  a r e a ,  d i f f e r e n t  c o m b i n a t i o n s  o f  “ s o l u -
t i o n s ” o r  a l t e r n a t i v e s  w e r e  p r e s e n t e d  f o r  f i e l d  a s s e s s m e n t . Three successive
t a b l e s  ( T a b l e s  2 ,  3  a n d  4 )  a r t i c u l a t e  t h e  b a s i c  a p p r o a c h e s  a d o p t e d  i n  a s s e s s -
i n g  m e a s u r e s  t o  i m p r o v e  r e t u r n  f l o w  i n  t h r e e  a r e a s .

I n  a l l  t h r e e  c a s e s , t h e  r a t i o n a l e  o u t l i n e d  i n  T a b l e  1  w a s  u s e d  a s  a
s t a n d a r d  b a c k d r o p  f o r  t h e  d i s c u s s i o n  o f  p r o p o s e d  “ s o l u t i o n s . ” In  the  case
o f  the  Midd le  R io  Grande  Va l ley ,  par t i cu la r  emphas is  was  p laced  on  under -
s c o r i n g  p r o b a b l e  e f f e c t s  o f  t w o  m a j o r  c l a s s e s  o f  a l t e r n a t i v e s : t e c h n o l o g i c a l
a n d  i n s t i t u t i o n a l . A s imi lar  approach (but  in a more summary manner)  was
a lso  adop ted  in  Grand  Va l ley . F i n a l l y , i n  t h e  c a s e  o f  t h e  Y a k i m a  V a l l e y ,  t h e
a p p r o a c h  w a s  f u r t h e r  e x p a n d e d  i n  o r d e r  t o  i n c o r p o r a t e  n o t  o n l y  p o t e n t i a l  b e n -
e f i t s  a n d  c o s t s ,  b u t  a l s o  t o  s u m m a r i z e  t h e  e x t e n t  o f  d e s i r a b i l i t y  a s  w e l l  a s
t y p e s  o f  c o n s t r a i n t s  t h a t  m a y  a f f e c t  e v e n t u a l  i m p l e m e n t a t i o n  e f f o r t s . A t  t h e
same time, the  ca tegor ies  o f  po ten t ia l  measures  were  d iscussed  a long  four
d i f f e r e n t  d i m e n s i o n s ,  n a m e l y  r e t u r n  f l o w ,  o n - f a r m  p r a c t i c e s ,  d e l i v e r y ,  a n d
r i v e r  f l o w .

CHARACTERISTIC FINDINGS (EVALUATION 0F ALTERNATIVES)

I t  w o u l d  b e  i m p o s s i b l e  t o  d i s c u s s  h e r e  i n  a n y  d e t a i l  a l l  t h e  s p e c i f i c
f i n d i n g s  o f  t h e  s t u d y  a n d  t h e  p a r t i c u l a r i t i e s  o f  e a c h  c a s e  s t u d y .  T h e
“packages” o f  s o l u t i o n s  c r e a t e d  a n d  t h e  a l t e r n a t i v e  s t r a t e g i e s  e l a b o r a t e d
t h r o u g h  s u c c e s s i v e l y  s h a r p e n e d  p h a s e s  o f  i t e r a t i o n  a p p e a r  i n  t h e  a p p r o p r i a t e
s e c t i o n s  o f  e a c h  v a l l e y  a n a l y s i s  a n d  a r e  a l s o  o u t l i n e d  i n  a  g e n e r a l  f o r m  i n
Tab les  2 ,  3  and  4 . Wh i le  these  “packages” a p p e a r  i n  d i f f e r e n t  f o r m ,  t h e
a p p r o a c h  i s  e s s e n t i a l l y  t h e  s a m e . I n  p a r t i c u l a r , t h e  b a s i c  c a t e g o r i e s  o u t -
l i ned  in  the  Midd le  R io  Grande Va l ley  and  Grand  Va l ley  ana lyses  were  com-
b i n e d  i n  a  d i f f e r e n t  m a n n e r  i n  t h e  c a s e  o f  Y a k i m a  b y  i n c o r p o r a t i n g  a l s o  c o n -
s i d e r a t i o n s  o f  d e s i r a b i l i t y  a n d  c o n s t r a i n t s  t o  p o t e n t i a l  i m p l e m e n t a t i o n .

G iven  the  “packages” o f  s o l u t i o n s  o u t l i n e d , i t  i s  i m p o r t a n t  t o  p r o v i d e
some exp lana to ry  remarks  on  the  conc lus ions  d rawn and  on  the  ins igh ts  ga ined
v i s - a - v i s  r e t u r n  f l o w  c o n t r o l  m e a s u r e s  a n d  p r o c e d u r e s . T o  s t a r t  w i t h ,  w e
m u s t  r e c a p i t u l a t e  t h e  b a s i c  a p p r o a c h  f o r  g e n e r a t i n g  a l t e r n a t i v e  m e a s u r e s  a n d
f o r  b u i l d i n g  t h e  b a s i s  f o r  i m p l e m e n t i n g  “ s o l u t i o n s ”  i n  r e t u r n  f l o w . F igure
15  p rov ides  in  summary  fo rm the  p rocedure  fo l l owed . W i t h  t h i s  b a c k g r o u n d  i n
mind, t h r e e  f u r t h e r  i t e m s  c o n s t i t u t e  t h e  l a s t  p a r t  o f  t h i s  s e c t i o n : a )  t h e
m a j o r  d i m e n s i o n s  o f  p r o b l e m s  i d e n t i f i e d  i n  t h e  c a s e  s t u d i e s ;  b )  s p e c i f i c
f i nd ings  and  genera l  remarks  on  the  fou r  va l l eys ;  and  c )  some genera l  conc lu -
s i o n s  c o n c e r n i n g  t h e  a s s e s s m e n t  o f  p o t e n t i a l  s o l u t i o n s . The  ques t ion  o f
p o t e n t i a l imp lementa t ion  i s  ra ised  in  Sec t ion  8 ,  where  p rob lems and  p rospec ts
o f  i m p l e m e n t a b i l i t y  a r e  r a i s e d  i n  t h e  c o n t e x t  o f  a  g e n e r a l  d i s c u s s i o n  o f
innovat ion and change.
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Table 2. SUMMARY OF TECHNOLOGICAL AND INSTITUTIONAL ALTERNATIVES APPROPRIATE TO IMPROVEMENT OF
IRRIGATION RETURN FLOWS, MIDDLE RIO GRANDE PROJECT

Technological Alternative

I. Increase flow of the
r i ve r , expand volume
of water.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I .A. Supplement river
flow via pumped water.

_______________________
I.B. Induce precipitation

and runoff via cloud
seeding.

I .C. Eradicate phreato-
phytes above Caballo
Reservoir .

s

,__.

Water Quality

-If increased flow is left
i n  r i ve r , then concentra-
t ion of  sa l ts  wi l l  be
reduced.

-If increase flow is diverted
then the effect on the con-
centration of salts will not
be s ign i f icant ly  d i f ferent
from the present situation.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

-Most of the existing water
is pumped from the shallow
aquifers, which tends to
be of lower quality.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
-The effects of cloud seed-
ing depend on the amount
of water generated.

 Could save 34,700 acre-feet
 of water. Lower concentra-
 tions below Caballo from
 500 mg/l to 480 mg/l.

 -

__

PROBABLE EFFECTS

Economic

- Higher quality of water from
flow in the river would
increase crop yields and
agricultural income.
Make more water available
for  i r r igat ion i f  increased
flow is diverted.

______________________________

Mining the water at a rate
greater than the recharge may
bring high returns in the short-
run, but would eliminate ground
water reserves that allow the
farmers to stay in business in
water-short years.
_______________________________
Still an experimental technology
and it is not clear that bene-
fits exceed costs.

- - - - - - - - - - - - - - - - - - - - - - - - - - -
Costs of control would have to
be borne by beneficiaries, but a
subsidy might be arranged to pro-
vide a public input into the
project (B/C ratio, USBR, 4.63:
I ) .
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Legal

- Increased flow cannot be left
in  the r iver  unt i l  a l l
existing appropriations can
be met.

-If existing appropriations
cannot be met, the state may
appropriate the increased
flow for in-stream water
quality improvement.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

-Potential interference with
existing wel Is.

- Would permit more consis-
tent diversions to junior
rights holders.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
- Cloud  seeding efforts in one
area may cause IiabiIity for
damages in another area.

-Would permit more consistent
diversions to junior rights
holders and al low for new
appropriations.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- Again, this would provide
more consistent diversions to
junior rights holders.

 _

_

Sociological

-If increase water is used
for agriculture, the rural
farm population will become
more stable.

-Greater flow of water may
enhance the urbanization
of the area.

-Depending on the amount of
increased water, attitudes
toward the use of water,
district improvements and
dis t r ic t  author i ty  wi l l
change.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
-Some interstate agreement
must be established as to
the consequences of such
a program.

- Environmental objections
may be a problem.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
- Resistance by users may
occur in having to pay the
costs.

- Environmental and aesthe-
t ic  ob ject ions wi l l  ar ise.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
(continued)



TABLE 2 (continued)

Technological Alternatives

I.D. Suppress evaporation
from the reservoirs.

I I . Impound flows of
highly saline
t r ibutar ies.

I I I. Provide aquaduct
from Caballo to El
Paso and possibly
beyond.

W ater Quality
-Some 250,000 af (35,825ha-m
of water is now lost via
evaporation; but technology
is not yet developed’.

-If 100,000 af (12,330 ha-m)
of water is saved it will
lower the concentration be-
low Caballo to 435 mg/l.

-If 200.000 af (24,660 ha-m:
is saved, i t  w i l l  l owe r
concentration below Caballo
to 350 mg/l.

-Reduce salt load and con-
centrations by keeping
saline water out of river.
Lower concentration at San
Marcial from 460 mg/l to
440 mg/l.

-However, loss of 66,000
af (8.135 ha-m) of water
per year.

-Provision of water at 500
mg/l throughout the sys-
tem instead of the cur-
rent 800 mg/l at El Paso
and 1500 mg/l at the
County Line. Would pro-
vide water of equal
qual i ty  to i r r igated
lands in Mesilla and
El Paso Valleys.

-Adverse environmental
effect on fish and
w i l d l i f e .

PROBABLE EFFECTS
Economic

-Technology is not yet developed;
costs would be prohibitive.

-Costs of improvements to evapo-
rate these waters would be con-
siderable; costs would probably
be shared. Improvement in water
quality of 20 mg/l is only a
small benefit to downstream users,
while the cost and decrease in
tota l  f low is  h igh.

-Water in tributaries is a higher
quality than Hudspeth Co. now
receives.

-Would be a costly means of
improving the quality of water
delivered to Texas, but would
provide a supply of water equal
to that used in Mesilla Valley.

-Existing constraints on crop
production in the El Paso
Valley would be eliminated.
Crops of higher value could
be producted.

-Effect on gross income from
agriculture could be an increase
of 40% in the El Paso Valley.
W ould probably cost $100 million
(rough estimate). If 40% increase
in gross agricultural income,
then benefits would be: for
25 years @ 6%. $103.54 million.

LegaI

-For this to be a successful
solution to IRFQC, it would
be necessary for the Rio
Grande Basin states to obtain
authority to appropriate the
increased flows in the name
of the state. Otherwise,
unappropriated waters may
be filed upon.

-Reduction of volume flows
may have adverse impact upon
vested rights giving ground
for  legal  act ion i f  i t  can
be demonstrated that there
is  suf f ic ient  d i lu t ion to
provide useable water
qua l i t i e s .

-Legal effect may be
interference with vested
water rights of the
districts at increased
cost without signif icant
benefit to either EBID or
EPID.

Sociological

-Methods in suppressing
evaporat ion wi l l  inter-
fere with recreation
pursuits in reservoirs.

-The cr i t ica l  po in t  w i I I
be with loss of the water.
Farmers with junior
rights may be significantly
affected.

-This action may affect the
interstate agreement on
delivery of a specific
quantity of water.

-There will be a new
interorganizat ional  re la-
tionship between the USBR
(i f  they bui ld  i t )  and
i r r i g a t i o n  d i s t r i c t s .

-Will there be new
management problems?

(cantinued)



TABLE 2 (continued)
PROBABLE EFFECTS

Technological Alternatives

IV. Improve distribution
systems in irrigation
d i s t r i c t s .

__---___------___---------
IV.A. Line canals and put

laterals in con-
crete pipe.

IV.B. Insta l l  f low
2 measuring

devices.

IV.C. Deepen regulating
reservoirs of
Hudspeth County
C&RD, construct
reservoirs on
arroyos.

v. Modi fy  i r r igat ion
practices.

- _-

-..-

-.._

_ _

_ _

W ater Quality Economic

-Effects on water quality
would come principally from
allowing better on-farm
management. If water sup-
plied on demand, may elim-
inate pumping of some
low quality ground water.

._______---------------------

-Would increase efficiency of water
diversion & distribution, save
some water for use on crops.

-These improvements may be very
cost ly , as evidenced by a pro-
posed $108 million project for
EBID.

-Would reduce seepage loss.
-Any practices or improve-
ments which cause surface
water to be used more
ef f ic ient ly  resu l t  in :  1)
decreasing percolation
which decreases the ground
water reservoir; 2) de-
creasing concentration of
sa l ts  in  the r iver ,  & in-
creasing concentration of
salts in the land.
.-_--_-----------------------

-Would increase investment in
facil i t ies and thus increase
capital costs of water systems,
but would lower annual
operating costs.

-Would permit accurate
deliveries of water to
farms for better on-
farm management.

.__-__-__-_--__-__-__________
-Reduce evaporation and
concentration of salts.

-Capture wiId water.

_________-__-_---------------------
-Would allow accurate measure of
water applied to crops; greater
efficiency should cause reduc-
tion in costs of production.

-Would reduce evaporation and
concentration of salts; make
more water available for irri-
gation, increase crop produc-
tion & increase gross income.

-This may have significant bene-
fits in allowing Hudspeth Co. to
capture more water for irrigation.
----------_---_--------------------.---_-_--_--_--______________

-At absolute best, make
water quality downstream
equal to upstream (500
mg/l at Caballo).

-However, with a lower leach-
ing fraction, the concentra-
tion of leachate wiII
increase so that the load-
ing will not decrease in
proportion to the decrease
in quantity of return flow.

._-__________-__-_-__________

-Would improve on-farm
management of water.

Legal

-Greater achievement of
states’ beneficial use
concept, only possible
adverse effect may be
reduction in amount of
water divertable under
ex is t ing r ights .

-Positive legal effects as
water users improve water
use efficiency.

.--__-____--__-_-_---------

Sociological

-The i r r igat ion d is t r ic t
wiII have greater control
over water.

-Crit ical consideration is
the persuasion of the dis-
trict member that the
program is needed.

____-_-_-___________________

-Uncertainty of water supply
may cause an aversion to
investment in storage
f a c i l i t i e s .

- - - - - - - - - - - - - - - - - - - - - - - - - - - -

-Wil l  require technical
and perhaps financial
assistance.

-Educational program neces-
sary for implementation.

.---------------------------
(continued)



TABLE 2 (continued)

Technological Alternatives

V.A. ImpIement an
irrigation schedul-
ing program.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
V.B. Make some changes

in  i r r i ga t i on
methods and
practices.

VI. Divert return flows
in drains to
evaporative ponds
or desalinization
plants.

Water Quality

-Lower leaching fraction
would reduce loading of
river where it is
occurring.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
-Same as III.V. above
-Also t r ick le  i r r igat ion

is well adapted to some
crops, e.g., pecans, and
would permit reductions
in water used.

-Would keep highly saline
water out of river and
reduce salt load.

-Problem of brine disposal.

PROBABLE EFFECTS
Economic Legal

-Would provide for application -Must consider rights to
of water according to plant d i ve r t .
requirements and increase crop
production.

______________________ _____________________________
-Changes in irrigation methods
would involve new investments
and would thus increase costs
of product ion.

-Construction of ponds would
require investment of public
and/or private funds; impact
on i r r igated agr icu l ture
would depend on cost-sharing
arrangement.

Sociological

-Organizational task re-
arrangement will ensue.

-An additional work
relationship between the
USBR and the irrigation
d is t r ic ts  w i l l  ensue.

-Resistance by users to
the costs that wil l be
levied may occur.

(continued)



TABLE 2 (continued)

Ins t i tu t iona l  A l t e rna t i ves

I . Implement a discharge
permit system (quotas)

I . A . Issue permits to the
highest local  water
management authority.

2
I .B . Issue permits to

individuals who are
users of water.

I I . Ini t iate charges (taxes)
f o r  e f f l u e n t ,  t o  r e f l e c t
quanti ty and qual i ty of
return flows and costs
of treatment.

 .

Water Quality

-With appropriate monitor-
ing of  return f lows,  this
would maintain the r iver
quali ty at  a prescribed
l e v e l .

_ _ _ _ _ _ _ _ _ _ _ _ _ _
-Would allow discharges
to vary as al locations
vary.

_ _ _ _ _ _ _ _ _ _ _ _ _ _
-Would establish an upper
limit on discharges.

-Make monitoring of return
flows necessary and sub-
sequent water quality
would depend on level of
taxes and/or treatment.

PROBABLE EFFECTS
Economic I

-Could signif icantly affect  agri -
cultural  output by l imit ing the
use of water. Extent of  use wil l
depend on water quality standards
s e t  f o r  t h e  r i v e r .

____________________ ______
Requires precise measurement of
e a c h  i r r i g a t o r ’ s  p o l l u t i o n
discharge. Th is  i s  f i nanc ia l l y
i f  not technical ly unfeasible.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
-Would establ ish a l imit  of  dis-
charges which would be independ-
ent of  water appl icat ions.

-The permits or quotas will require
improved management of water in
irr igat ion methods,  ditch l ining,
e t c . )  w h i c h  w i l l  b e  c o s t l y .

-New investments and higher
costs wil l  be required:

-Would require water users to pay
t h e  c o s t ;  o f  p o l l u t i o n ,  i . e . . ’
the costs of  treatment of  de-
graded return flows.

-Refer to Statement I I I.

Legal

N.M. has not adopted the NPDES
program & consequently the
federal program would have
to be enforced by EPA.
New regulat ions for control-
ling discharges are proposed
by the N.M. EIA that would
require a “discharge plan”
not a permit .
Texas has adopted a NPDES
program_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

N o  l e g a l  e f f e c t ,  p o s i t i v e  o r
negative.
Consideration would have to
be given whether this permit
would be tied to the water
r i g h t .

-Similar programs for M&l dis-
charges have met successfully
the legal  chal lenges of  con-
s t i t u t i o n a l i t y .
-Must be able to identify
pollution and the source to
satisfy the legal  questions.

Sociological

Can a permit system be
implemented in the Rio
Grande? Resistance is
likely to be overwhelming.
Numerous suits will undoubt-
edly be f i led contest ing the
administrat ion of  the law.

_________________
Can the individual be
motivated to comply with
such a system?

What organizational mechanism
will be employed to implement
this program; i .e. ,  who wil l
monitor  the eff luent & levy
the taxes?
What will be the degree of
the resistance by farmers?

(continued)



TABLE 2 (continued)

PROBABLE EFFECTS

I n s t i t u t i o n a l  A l t e r n a t i v e s

I I I . D e v e l o p  i n c e n t i v e s  f o r
management/contro l  of
i r r i g a t i o n  r e t u r n
f lows.

I I l . A . P r o v i d e  c o s t - s h a r i n g
p r o g r a m s  f o r  c a p i t a l
improvements

I l l . B . Make incent ive pay-
ments for  improved
water management
p r a c t i c e s .

IV. P rov i de  t echn i ca l
a s s i s t a n c e  i n  l a n d /
water management
programs.

v. F a c i l i t a t e  s a l e s  o f
the annual  a l lo tments
o r  f r a c t i o n s  t h e r e o f  a t
n e g o t i a t e d  p r i c e s .

V I .  S e v e r  t h e  w a t e r  r i g h t
f rom the land and a l low
t r a n s f e r s  ( s a l e s )  o f
r i g h t s .

Water  Qual i ty

Depends on the level
of management and of
c o n t r o l .

- - - - - - - - - - - - - - - - - - - - - - - - - -

Would a l low bet ter  on-
farm management, reduc-
i n g  q u a n t i t y  o f  r e t u r n
f l o w s .

Would encourage improve-
ments in management of
l a n d  a n d  w a t e r  f o r  p o l l u -
t i o n  c o n t r o l .

Improvement in water
qual i ty would depend on
leve l  o f  adop t i on .

Depends on use to which
w a t e r  i s  p u t .

Depends on use to which
w a t e r  i s  p u t .

Economic

Would induce water  users to
c o n t r o l  d i s t r i b u t i o n  a n d  u s e
o f  wa te r .

Would encourage investment  in
qua l i t y - - imp rov i ng  p l an t  and
f a c i l i t i e s , such as canal and
l a t e r a l  l i n i n g ,  n e w  i r r i g a t i o n

equipment, etc. I - - - - L - - - - - - - - - - - _ _ _ - - - - .

Would encourage adopt ion of
qual i ty  improving methods
and techniques,  such as
i r r i g a t i o n  s c h e d u l i n g .

Would encourage & fac i l i ta te
i n s t a l l a t i o n  o f  n e e d e d  f a c i l i -
t ies & adopt ion of  improved
p r a c t i c e s .
T h i s  w o u l d  b e  a  p u b l i c  i n v e s t -
men t  i n  imp roved  wa te r  qua l i t y .

W o u l d  i m p r o v e  e f f i c i e n c y  o f
w a t e r  u s e ,  m o v i n g  “ s u r p l u s ”
wa te r  i n t o  h i ghe r - va l ue  uses .

Would cause change in use of water
supply moving some water into non-
a g r i c u l t u r a l  u s e s .
W h i l e  a b i l i t y  t o  b u y  a  r i g h t ,  a s
opposed to a one-t ime al lo tment ,
i s  v e r y  a t t r a c t i v e  t o  p o t e n t i a l
b u y e r s ,  p o t e n t i a l  w a t e r  s e l l e r s  i n
an  a rea  w i t h  h i gh l y  va r i ab l e  su r -
f a c e  d e l i v e r i e s  a r e  l e s s  l i k e l y  t o
e n t e r  t h e  m a r k e t  w i t h  r i g h t s  t h a n
w i t h  a l l o t m e n t s .

Legal

-Would permi t  greatest  achieve-
ment  of  benef ic ia l  use (max-
i m u m  u t i l i z a t i o n )  w h i l e  p r e -
s e r v i n g  p r o p e r t y  i n t e r e s t  i n
w a t e r  r i g h t s .

- N o  l e g a l  c o n s t r a i n t s .

- N o  l e g a l  c o n s t r a i n t s .

-Prohibited by the USBR if on
a permanent  basis and out-
s i d e  d i s t r i c t  b o u n d a r i e s .

- I f  annua l  t r ans fe r s ,  no  l ega l
r e s t r i c t i o n s  a s i d e  f r o m  t h e
requi rement  that  pro ject  users
canno t  be  adve rse l y  a f f ec ted .

-Under Reclamation Law, water
r ights belong to the BOR unt i l
t h e  p r o j e c t  i s  p a i d  o f f ,  t h e n
a s s i g n e d  t o  t h e  d i s t r i c t .  T h e
w a t e r  r i g h t s  a r e  f o r  c e r t i f i e d
lands.

- I t  would be necessary to have
legal  agreement between the
dist r ic t  and the USBR to imple
m e n t  t h i s  a l t e r n a t i v e .

I

. - .

S o c i o l o g i c a l

A n  o r g a n i z a t i o n a l  s t r u c t u r e
must  be in i t ia ted to  commun-
icate the var ious programs
t o  t h e  f a r m e r .
S t r a t e g i e s  f o r  i m p l e m e n t a t i o n
must  be created,  i .e . ,  demon-
s t r a t i o n  f a r m s- - - - - - - - - - - - - - z - - - - - - - - - - - - .

Repeat Statement V.
W h i c h  o r g a n i z a t i o n s  w i l l  b e
involved?

Should improve understanding
o f  s i g n i f i c a n c e  o f  w a t e r  t o
a g r i c u l t u r a l  p r o d u c t i o n  i n
t h e  v a l l e y .

-May  se rve  as  a  ca ta l ys t  t o
f u r t h e r  u r b a n i z a t i o n .  I t
would involve change in
water management practices
& policies.

-Wouldn’t be popular among
d i s t r i c t  m e m b e r s .

-Conflict among users may
emerge due to quest ions of
whether r ights should be
sold and to whom

_ - - - - - - - - - - - - - - - - - - - - - - - - - -

(cont inued)



TABLE 2 (continued)

VI I. Add element of  water -Would mainta in  water
q u a l i t y  t o  w a t e r  r i g h t . q u a l i t y  w i t h i n

u s a b l e  l i m i t s .

V I I I . I s s u e  r e g u l a t i o n s -Depends on how st r ic t
f o r  b e n e f i c i a l  u s e . t h e  d e f i n i t i o n  o f  b e n -

e f i c i a l  u s e  i s .

Economic

-Would cause cont inu ing use of
w a t e r  i n  a g r i c u l t u r e  &  t h u s  a
l o w e r  t o t a l  v a l u e - i n - u s e .

-Would increase cost  o f  water
use, t o  m a i n t a i n  w a t e r  q u a l -
i ty  and cause changes in
c r o p s  i r r i g a t e d .

LegaI

- L e g a l l y  p o s s i b l e  w i t h i n  d i s -
t r i c t s  p r o v i d e d  d i s t r i c t
r u l es  do  no t  p rov i de  t he
con t ra r y .

- N o  s t a t e  l a w  r e s t r i c t i o n s .

-Would only apply to new water
r ights and changes requested
i n  e x i s t i n g  r i g h t s .

- W o u l d  p r o v i d e  r i g h t  h o l d e r
a d m i n i s t r a t i v e  c o u r s e  o f
a c t i o n .

-Would enable s tate to
e f f e c t i v e l y  c o n t r o l  w a s t e .

S o c i o l o g i c a l

-Would encourage continued
g r o w t h  o f  l a r g e r  f a r m s  a t
the expense of  the smal ler
farms.

-Would make th is  a l ternat ive
more acceptable.

-Considerat ions that  must  be
taken  i n t o  accoun t :
‘Mon i t o r i ng  qua l i t y  s t anda rds .
*Enforcement mechanisms.
* CapabiIity of users to
comply.

-Conf l ic t  among users wi th new
r i g h t s  a n d  t h o s e  w i t h  o l d
r i g h t s  w i l l  e n s u e .



TABLE 3. SUMMARY Of TECHNOLOGICAL AND INSTITUTIONAL ALTERNATIVES FOR SALINITY CONTROL
IN THE GRAND VALLEY.

Item Probab le  E f f ec t

TECHNOLOGICAL ALTERNATIVES:

1. Del ivery system improvements--
a .  L i n i n g  o f  c a n a l s  a n d  l a t e r a l s
b. I n s t a l l a t i o n  o f  f l o w  m e a s u r i n g  d e v i c e s

2. I m p r o v e d  w a t e r  a p p l i c a t i o n  p r a c t i c e s
a . I m p l e m e n t a t i o n  o f  i r r i g a t i o n  s c h e d u l i n g

program.
b. I n t r o d u c t i o n  o f  t r i c k l e  a n d  s p r i n k l e

i r r i g a t i o n  s y s t e m s .

3. Improved management of  fer t i l izers on crops.

4. Improved water removal subsystem, by means of
t i l e  d r a i n s  a n d  t r e a t m e n t  o f  e f f l u e n t .

INSTITUTIONAL ALTERNATIVES:

1.

2.

3.

4.

5.

6 .

7.

8.

9.

10.

12.

R e a l l o c a t i o n  o f  w a t e r  v i a  a d j u d i c a t i o n  o f
r i g h t s .

I m p o s i t i o n  o f  v o l u m e t r i c  c o n t r o l s ,  o n  t h e
basis of  crop needs.

R e d u c t i o n  o f  “ w a t e r  d u t y ”  b y  i n s t i t u t i o n  o f
abandonment procedures against users where
t h e r e  i s  w a s t e .

O p e n  m a r k e t i n g  o f  w a t e r  r i g h t s  w i t h i n  t h e
r i v e r  b a s i n .

Sales by Grand Val ley Canal  Assn.  or  the
C o n s e r v a n c y  D i s t r i c t  o f  “ s u r p l u s ”  w a t e r ,  i . e . ,
t ha t  wa te r  wh i ch  i s  no t  consump t i ve l y  used ) .

R e t u r n  f l o w  d i s c h a r g e  p e r m i t s  ( q u o t a s ) .
a . I s s u e d  o n  t h e  b a s i s  o f  t h e  w a t e r  r i g h t s

he ld .
b. Sold in an open market ,  wi th number of

p e r m i t s  r e f l e c t i n g  t h e  a l l o w a b l e  d i s c h a r g e
o f  e f f l u e n t s .

E f f l u e n t  c h a r g e s ,  b a s e d  o n  c o s t s  o f  t r e a t -
m e n t  o f  r e t u r n  f l o w s .

Subsid izat ion of  usefu l  programs and
p r a c t i c e s .
a .  C o s t - s h a r i n g  p r o g r a m s  a i m e d  a t  c a p i t a l

improvement.
b. Incent ive payments for  improved pract ices.
c .  T a x  “ b r e a k s ”  f o r  c a p i t a l  i n v e s t m e n t s .

Paymen ts .  i . e . ,  r ewa rds ,  f o r  r educ t i on  o f
r e t u r n  f l o w s  o r  o f  s a l t / s i l t  l o a d s .

T e c h n i c a l  a s s i s t a n c e  i n  s a l i n i t y  c o n t r o l
programs.
a .  E d u c a t i o n a l  e f f o r t s ,  e . g . ,  e x t e n s i o n

programs.
b. T e c h n i c a l  a s s i s t a n c e ,  e . g . ,  S o i l  C o n s e r v a -

t i on  Se rv i ce .

Management of  water in a project  area by a
v o l u n t a r y ,  n o n p r o f i t  o r g a n i z a t i o n . e n t i t y .
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P reven t i on  o f  seepage  and  ope ra t i ona l  sp i l l s .
R e d u c t i o n  o f  s u b s u r f a c e  f l o w s .  C o n t r o l  o f  a p p l i c a t i o n s ,
i m p r o v e m e n t  o f  i r r i g a t i o n  e f f i c i e n c i e s .

Reduct ion of  deep percolat ion losses
i n c r e a s e  e f f i c i e n c y  o f  w a t e r  u s e  v i a  “ t i m e d ”  a p p l i c a -
t i o n  o f  w a t e r .
G a i n  c o n t r o l  o f  r a t e s  o f  a p p l i c a t i o n  o f  w a t e r  o n
some crops.

R e d u c e  c o s t s  o f  f e r t i l i z e r  a n d  r e d u c e  c o n c e n t r a t i o n s  o f
f e r t i l i z e r  i n  r e t u r n  f l o w s ,

Remove water moving below root zones, to prevent deep
p e r c o l a t i o n , a n d  t r e a t  t h i s  w a t e r  b e f o r e  d i s c h a r g e  t o
receiv ing st reams.

R e d u c t i o n  o f  “ w a t e r  d u t y ”  f r o m  a s  h i g h  a s  n i n e  a c r e - f e e t
pe r  ac re  t o  f i ve  ac re - f ee t  pe r  ac re  ( o r  wha teve r  amoun t
i s  n e c e s s a r y  f o r  i r r i g a t i o n  i n  t h e  v a l l e y ) .

P r o m o t i o n  o f  e f f i c i e n c y  i n  u s e  o f  w a t e r  w i t h  n o  c h a n g e
i n  “ w a t e r  d u t y ”  ( t h e  r i g h t  t o  a  s p e c i f i c  q u a n t i t y  o f
w a t e r ) .

P r o m o t i o n  o f  e f f i c i e n c y  i n  u s e  o f  w a t e r  b e c a u s e  o f
change  i n  t he  wa te r  r i gh t .

R e d i s t r i b u t i o n  o f  r i g h t s  a n d  r e a l l o c a t i o n  o f  w a t e r  b a s e d
on  va lues  o f  wa te r  i n  va r i ous  uses  ( cons t ra i ned  on l y  by
l i m i t s  o n  d i v e r s i o n  w h i c h  p r o t e c t  r i g h t s  o f  o t h e r  u s e r s ) .

R e a l l o c a t i o n  o f  w a t e r  f r o m  o w n e r s  o f  “ s u r p l u s ”  t o  o t h e r s
w h o  n e e d  w a t e r  ( c o n s t r a i n e d  b y  c a p a b i l i t y  o f  d i s t r i c t s
t o  d e l i v e r  “ s u r p l u s ”  t o  b u y e r s ) .

C o n t r o l  o f  e f f l u e n t  d i s c h a r g e d .
E s t a b l i s h e s  l i m i t s  f o r  d i s c h a r g e  o f  p o l l u t a n t s  b y
present  owners and users of  water .
R e q u i r e s  w a t e r  u s e r s  t o  p a y  c o s t s  o f  p o l l u t i o n .  P e r m i t s
t i ed  t o  wa te r  use . Requires designat ion of  s t ream
standards. L i ke l y  t o  r esu l t  i n  imp roved  use  o f  wa te r ,
s h i f t s  i n  u s e  t o  h i g h e r  v a l u e  u s e s ,  s o m e  t r a n s f e r s  o f
r i g h t s .

Requ i r es  wa te r  use rs  t o  pay  cos t s  o f  po l l u t i on .  Makes
s a m p l i n g  a n d  t e s t i n g  o f  r e t u r n  f l o w s  n e c e s s a r y .  R e -
q u i r e s  d e s i g n a t i o n  o f  s t r e a m  s t a n d a r d s . L i ke l y  t o  cause
m o r e  e f f i c i e n t  u s e  o f  w a t e r . May  cause  sh i f t  i n  use  o f
wa te r  t o  h i ghe r  va l ue  uses .

Encouraged adopt ion of  technology and improvement in
management of  land/water  resources.
P r o v i d e s  i n c e n t i v e  f o r  i n v e s t m e n t  i n  d i s t r i b u t i o n
a n d  i r r i g a t i o n  s y s t e m s .
Encouraged improvement in management of land and
w a t e r  p o l l u t i o n  c o n t r o l .

Encourages adopt ion of  measures appropr iate to
p o l l u t i o n  c o n t r o l .

Encourages improved management of land and water.
I m p r o v e s  u n d e r s t a n d i n g  o f  p o l l u t i o n  p r o b l e m s ,  i d e n t i -
f i e s  a l t e r n a t i v e  s o l u t i o n s ,  e n c o u r a g e s  i n d i v i d u a l
a c t i o n s  t o  a l l e v i a t e  p r o b l e m s .
F a c i l i t a t e s  a d o p t i o n  o f  i m p r o v e d  p r a c t i c e s ,  a s s i s t s  w i t h
i m p r o v e m e n t s  i n  d i s t r i b u t i o n  a n d  i r r i g a t i o n  s y s t e m s .

Improved al locat ion and use of  water by a management



TABLE 4. SUMMARY EVALUATION OF MEASURES TO IMPROVE IRRIGATION RETURN FLOW QUALITY, YAKIMA VALLEY.

Nitrate
Phosphate

Sediment

Water Quality
Improvement

Other

COSTS

MEASURES

I. RETURN FLOW
A. Discharge

Permit System

B. Effluent Tax

C. D is t r i c t  o r
Area Treatment

D. Subsidies on
On-Farm
Treatment

BENEFITS

Variable with Possible incentive to more
quota levels ef f ic ient  farming.
permitted. Reduction of downstream

costs of water use.
Increased recreational

value.
Some improvement to

f isher ies .
Greater control over

smalI part-time farmers.

Variable with Revenues for additional
tax level. adjustments.

Incentives to more
ef f ic ient  farming.

Reduction of downstream
costs of water use.

Increased recrea. value.
Some improvement to fish.
Burden of pollution

control on those who
 benefit from water use.

100% 90% 90% Large reduction of down-
stream water use costs.

Increased recrea. value.
Some improvement to fish.
Possib i l i ty  of  greater

unity and coordination
among districts.

90% 60% 40% Reduce farmer’s
financial burden of
adjustment.

Large reduction of
downstream water
use costs.

Increased recrea. value.
Some improvement to fish.
Incentive to more

efficient farming.
Greater integration of

farmer into water
quality arena.

Monetary Other

Very high monitoring
and enforcement
costs.

Very high monitoring
and enforcement
costs.

$1.3-$10.2 million-
capital costs +

$75,000-$1,740,000-
operation and
maintenance cost
per year.

$240,000-capital
costs +

$75,000 O&M per
year.

Loss of farmer’s
contro l  o f
operations.

Increased strain
w i t h i n  i r r i g a -
t i o n  d i s t r i c t s
and between
users and
o f f i c i a l s .

Increased
l i t i ga t i on .

Tax may act as a
disincentive
to farming.

Creation of strain
between users
and taxing
o f f i c i a l s .

Increased organ-
izat ional
growth.

Complicates
farmer’s
operations.

Outside inter-
ference in
farm
operations.

I

DESIRABILITY

Farmers and state
o f f i c i a l s
unenthusiastic.

Federal support
for program.

No clear support
fo r  th is
act ion.

General reluctance
to paying the
high costs of
this measure.

Farmers may
support this
measure.

CONSTRAINTS

Resistance to arbitrary
outs ide rest r ic t ions.

Enforcement diff icult
due to local resist-
ance and lack of
evidence.

Resistance to taxation.
Di f f icu l t  to  equi tab ly

determine who should
be taxed and how much.

Farmer resistance to
financing; or

Public resistance to
financing.

Di f f i cu l ty  in  f inanc ing
-Public resistance.

Not effective for
farmers who cannot
or  wi l l  not  obtain
subsidies.

(continued)



BENEFITS
TABLE 4 (continued)

MEASURES

II. ON-FARM
PRACTICES

A. Improved
Tailwater
Management

8. Tailwater
Ponds with
Recirculation

B. Improved
Application
Methods
1) Contour

Furrows
2) Sprinkler

i r r i ga t i on

3) Trickle
I r r igat ion

C. Improved Land
and Water
Management
I) Precise

Water
Measurement

2)  I r r igat ion
Scheduling

Water Quality
Improvement

Sed  Phos  Nit

90% 90% 10%

100% 100% 40%

70% 70% 10%

100% 100% 70%

100% 100% 90%

Varies with
resulting
decrease
in water
application.

30% 30% 50:

Other

Prevention of soil loss.
Reduction of downstream

water use costs.
Some improvement to fish.
Prevention of soil loss.
Lower water & fertil izer

needs.
Reduction of downstream

water use costs.
Large improvement to

recrea. and f ish. ( less
diversion from river).

Prevention of soil loss.
Reduction in downstream

costs.
Improvement to recrea.

and fisheries.
Prevention of soil loss

Reduction in downstream
costs.

Improvement to recrea.
and fisheries.

Frost protection.
Lower water needs.
Lower labor needs
Prevention of soil loss.
Reduction in downstream

costs.
Improvement in recrea.

and fisheries.
Increased productivity.
Lower water needs.
Lower labor needs.
Better data for resource

planning.
Prevention of soil loss.
Reduction in downstream

costs.
Improvement to recrea.

and fisheries.
Prevention of soil loss.
Reduction in downstream

costs.
Improvement to recrea.

and fisheries.
Increased production.
Lower water and

fer t i l izer  needs.

COSTS

Monetary

$20/acre-capital
costs; +

$6 acre-O&M per
year.

$250/acre-capital
costs; +

$12/acre-O&M per
year.

Labor costs
increase

$225-$1,500/acre-
capital costs +

$56-$121/acre O&M.

$1,000-$1,300/acre.

Measuring devices
and labor costs.

Computer costs,
technical
assistance cost,
increased on-
farm labor
costs.

Other

Complicated
farmer’s
operations.

Complicates
farmer’s
operations.

Possible damage
to downstream
water rights
due to reduced
return flow.

Complicates
farmer’s
operations.

Complicates
farmer’s
operations.

Complicates
farmer’s
operations.

Complicates
farmer‘s
operations.

Less f lex ib i l i ty
for farmer.

DESIRABILITY

This is practices
in Wapato
Project
current ly .

More farmers are
ins ta l l ing spr ink-

lers for many of
the benefits in
“other” column
each year.

Some farmers are
currently using
these practices
to a degree. This
suggests at leas
acceptability an
des i r ab i l i t y .

Some farmers are
currently using
these practices
to a degree. This
suggests at least
acceptability and
des i r ab i l i t y .

CONSTRAINTS

Low cost, abundant
water supplies inhibit
reuse practices.

Courts may rule against
such measures due to
injury to downstream
users.

Resistance to a more
time consuming pra
practice.

High capital  cos ts .

Past bad experience
w i t h  t r i c k l e
systems.

High capital costs.

Farmers will resist any
decrease in their
water deliveries.

Resistance to change to
more complex, time
consuming practices.

(continued)



consuming practices.
more complex, time-

Resistance to change to

practices to a de-
now using these

Some Farmers are

CONSTRAINTSDESIRABILITYImprovement

TABLE 4 (continued)

MEASURES

3) Improved
Fe r t i l i ze r
Practices

4) Improved
Cropping
Patterns

5) Improved
Cul t ivat ion
Practices

D. Specification
of Beneficial
Use
1) Quantity

by Crop
Type, etc.

2) To incor-
porate
water
qua l i t y .

E. Subsidize
I r r igators
1) Technical.

Educational
Aid.

2) Cost-sharing(
Capital-
Improvement:

3) Incentive
Payments

W ater Quality

Sed Phos Ni t
0% 50% 70%

Variable

Variable

Variable
wi th levels
specif ied.

Could attain
any desired
level  of
water
qua l i t y .

WiI l  corres-
pond with
improvement
to be
subsidized.

WiII  corres-
pond with
improvement
to be
subsidized.

Wil l  corres-
pond with
improvement
to be
subsidized.

BENEFITS

Other

Lower fertilizer needs.

Prevention of soil loss.
Reduction in downstream

costs.
Improvement to recrea.

and fisheries.

Prevention of soil loss.
Reduction in downstream

costs.
improvement to recrea.

and fisheries.

Reduce waste.
Prevention of soil loss.
Reduction of downstream

costs.
lmprovement to recrea.

and fisheries.
Greater water quality

contro l .
Prevention of soil loss.
Reduction of downstream

costs.
Improvement to recrea.

and fisheries.
Prevention of soil loss.
Reduction of downstream

costs.
Improvement to recrea.

and fisheries.

Prevention of soil loss.
Reduction, of downstream

costs.
Improvement to recrea.

and fisheries.

Prevention of soil loss.
Reduction of downstream

costs.
Improvement to recrea.

and fisheries.

COSTS

Monetary

EducationaI program
costs.

Increased application
costs.

Educational program
costs.

Equipment and labor
costs increase.

Educational program
costs.

Increased manpower
in state agencies
for  spec i f ica t ion
and monitoring

increased manpower
in state agencies
for  spec i f ica t ion
and monitoring.

Higher manpower
costs.

Higher manpower
costs.

Cost of subsidies.

Higher manpower
costs.

Cost of subsidies.

Other

Farmer uncer-
ta inty wi th
new practices

Farmer uncer-
ta inty wi th
new practices

Farmer uncer-
ta inty wi th
new practices

gree. This suggests
at least acceptabil-
i ty  & desi rabi l i ty .

Some farmers are Resistance to change to
now using these more complex, time-
practices to a de- consuming practices.
gree. This suggests
at least acceptabil-
i ty  & desi rabi l i ty .

Some farmers are Resistance to change to
now using these more complex, time-
practices to a de- consuming practices.
gree. This suggests
at least acceptabil-
ity & desirability

Potential farmer
resistance

Agencies which
could handle the
subsidies already
exist & are gener
ally successful in
Yakima area.

Agencies which
could handle the
subsidies already
exist & are gener
ally successful in
Yakima area.

Agencies which
could handle the
subsidies already
exist & are gener
ally successful in
Yakima area.

Farmers wiII resist
any decrease in their
water deliveries.

Limited funding.

Limited funding.

(continued)



especially with
water rights

Fear of reduction in

among water users
state agencies &

The fee l ing in

CONSTRAINTSDESIRABILITYMEASURES

III. DELIVERY
A. Readjudication

1) To elimi-
nate
Uncertainty

2) To Incor-
porate
Beneficial
Use.

3) To allow
Distr icts to
Use Return

TABLE 4 (continued)

Flow
B. System

Rehabi l i ta t ion

C. Tax on Water

(at $20/a.f.)

D. Water Rental
Market

E. Demand
Delivery
System

IV. RIVER FLOW
A. Stabi l ize

River Flow
1) Additional

Storage
2) Ground

BENEFITS
W a t e r  Q u a l i t y

Improvement Other
Sed  Phos Nit
WiII corres-

pond w/decrease Increased certainty of
in water app- water rights.
l icat ion rate.

Variable w/lev- Prevention of soil loss.
els specified. Reduction of downstream

Could attain costs.
any desired improvement to recrea.
level of water and fisheries.
qua l i t y .

Wil l  corres- Incentive for more
pond w/decrease ef f ic ient  water
In water appli-
cation rate.

Will provide
more water
which could
be le f t  in
stream.

Variable w/tax
level.
88% 88% 35%

75% 75% 0%

Uncertain

Uncertain

Uncertain

use.

Prevention of soil loss.
Reduction of downstream
costs.

Improvement to recrea.
and fisheries.

Better control, less
waste.

Prevention of soil loss.
Reduction of downstream

costs.
Improvement to recrea.

and fisheries.
The polluter pays damages.
Prevention of soil loss.
Reduction of downstream

costs.
Improvement to recrea.

and fisheries.
Increased ag. income-

$70,000,000.
Increased f lex ib i l i ty .
Most efficient water use.
Reduce waste.
Prevention of soil loss.
Reduction of downstream

costs.
Improvement to recrea.

and fisheries.
Reservoir recreation.
High benefit to f ish-

er ies.
Encourages multiple

use of river.
High benefit to f ish-

eries. Encourage
multiple use of river.

Reservoir recreation.- -

COSTS

Monetary

Readjudication
would take hund-
reds of man years
& cost mil l ionsof
dollars to complete

Very expensive to
install new
del ivery
systems.

Reduces agricul-
tural income.
$28,000,000.

Cost of adjudica-
tion if needed.

Labor costs
increase.

High cost of dam
construction.

$5,000-$10,000/well,

Other

Inducement of
c o n f l i c t .

Disincentive to
farming.

Less  f l e x i b i l i t y

Possible recrea-
tion and
wilderness
loss.

Possible loss of
wi ld l i fe  habi -
tat due to lower-

is against adjud- Indian claims.
ication proceedings.

Broad recognition
of need.

Taxation would
f i n d  l i t t l e
support.

No clear support.

Unclear.

Strong local
support.

Weak local
support.

Funding source.

Resistance to
taxation.

Uncertain of meaning
and effects.

Need for
readjudication.

Farmers may resist the
decreased f lex ib i l i ty .

Farmers may resist
additional
indebtedness.

ing water table



Potent ia l  Elements Towards
A “Ba lanced”  So lu t ion

Packages  o f  So lu t ions

Socially    a c c e p t a b l e  ( S )

Techn ica l l y  sound  (T )

Economica l l y  v iab le  (E)

L e g a l l y  a p p r o p r i a t e  ( L )

P o l i t i c a l l y  f e a s i b l e  ( P )

F igure  15 .

Towards A Process Of
Implementat ion

I d e n t i f y  P r o b l e m  ( d e s c r i p t i o n )

Type of S o l u t i o n  ( g e n e r a t i o n
o f  a l t e r n a t i v e s )

Appropr ia te  So lu t ion  (assessment )

( e v a l u a t i o n )

A c c e p t a b l e  s o l u t i o n

- - - - - - - - - - - - -

>  M o n i t o r i n g

D e v e l o p i n g  a n d  b u i l d i n g  t h e  b a s i s  f o r  i m p l e m e n t i n g  a l t e r n a t i v e
m e a s u r e s  f o r  i r r i g a t i o n  r e t u r n  f l o w  q u a l i t y  c o n t r o l .



Major Dimensions of Case Studies

T h r o u g h o u t  t h i s  p r o j e c t , m a j o r  a t t e n t i o n  w a s  c o n c e n t r a t e d  o n  t h e  i d e n t i -
f i c a t i o n  a n d  s p e c i f i c a t i o n  o f  t h e  c o n t e x t  w i t h i n  w h i c h  p r o b l e m s  o f  i r r i g a t i o n
r e t u r n  f l o w  q u a l i t y  c o n t r o l  a p p e a r . T o  g u i d e  t h e  e f f o r t ,  a n  o v e r a l l  a p p r o a c h
was ear ly  deve loped, summar iz ing  ma jo r  d imens ions  o f  each  va l ley  (soc io -
demograph ic ,  economic ,  l ega l ,  and  eco log ica l ) ; i n i t i a l  l i s t s  o f  p o t e n t i a l
a l t e r n a t i v e s  ( p e r  d e l i v e r y ,  u s e , r e m o v a l  a n d  o t h e r  c a t e g o r i e s ) ;  a n d ,  c r i t i c a l
p o i n t s , i ssues  o r  concerns  charac te r i z ing  each  a rea  (Tab le  5 ) .

The  th ree  cen t ra l  a reas  o f  ana lys is  (Yak ima,  M idd le  R io  Grande and  the
G r a n d  V a l l e y s )  a r e  a l l  r u r a l  i n  n a t u r e  w i t h  r a p i d  u r b a n i z a t i o n  o c c u r r i n g  i n
the  E l  Paso-Las  Cruces  reg ion  and  modera te  u rban iza t ion  deve lop ing  a round
Grand Junc t ion . Fami ly  fa rms p redomina te  in  each  o f  these  a reas  w i th  a  s ize -
ab le  number  o f  pa r t - t ime  fa rmers  and  pa r t  owners - - t h o s e  i n d i v i d u a l s  w h o  o p e r -
a t e  l a n d  t h e y  o w n  a n d  a l s o  l a n d  t h a t  t h e y  r e n t  f r o m  o t h e r s . Concerning
i r r i g a t i o n , t h e  s y s t e m s  i n  a l l  t h r e e  v a l l e y s  a r e  a f f e c t e d  b y  a g e n c i e s  a t  a l l
l e v e l s  o f  g o v e r n m e n t - - f e d e r a l ,  s t a t e  a n d  l o c a l .  C o m p a c t s  g o v e r n  b o t h  t h e
Co lo rado R iver  and  the  R io  Grande R iver . The  R io  Grande a lso  i s  sub jec t  to
international agreement.

T h e  c r i t i c a l  d i m e n s i o n s  w h i c h  a p p e a r e d  f r o m  e a r l y  f i e l d  i n v e s t i g a t i o n
i n v o l v e d  b a s i c a l l y  t w o  t y p e s  o f  c o n d i t i o n s : s t r u c t u r a l  c o n d i t i o n s  a n d  i n d i -
v i d u a l  u s e r  c o n d i t i o n s . T h e  s t r u c t u r a l  c o n d i t i o n s  c a n  b e  d i v i d e d  i n t o  t h e
i n s t i t u t i o n a l  p a t t e r n s  s u r r o u n d i n g  t h e  p r o b l e m  a r e a  a n d  i n t o  t h e  c o m m u n i c a -
t i o n  n e t w o r k s  p e r m e a t i n g  t h e s e  p a t t e r n s . T h e  b a s i c  i n s t i t u t i o n a l  p a t t e r n s
evolve around the urbanizat ion phenomenon, the  p resence o f  an  Ind ian  Reserv -
a t i o n  i n  Y a k i m a , the  in te rdependence among the  o rgan iza t ions  invo lved  w i th
water management, a n d  t h e  d e g r e e  o f  o r g a n i z a t i o n  a n d  r e s o u r c e  i n p u t  i n t o
w a t e r  q u a l i t y . Commun ica t ion  ne tworks  m i r ro r  th i s  degree  o f  i n te rdependence .
They are involved with communicat ion between government agencies, between
fa rmers ,  be tween  agenc ies  and  fa rmers , and  be tween the  source  o f  wa te r
qua l i t y  p rograms/knowledge and  the  rece iver .

A s  c o n t r a s t e d  t o  g e n e r a l  s o c i o - s t r u c t u r a l  c h a r a c t e r i s t i c s  i n  e a c h  a r e a
o f  concern , i n d i v i d u a l  u s e r  c o n d i t i o n s  f o c u s  o n  t w o  d i f f e r e n t  b u t  i n t e r r e -
la ted  d imens ions : p e r c e p t i o n s  a n d  b e l i e f s . T h e  f o c u s  o f  i n d i v i d u a l  p e r c e p -
t i o n s  c e n t e r s  o n  t h e  q u e s t i o n  o f  w h a t  i s  t h e  p r o b l e m ,  i f  t h e r e  i s  o n e ;  w h o  i s
t o  b l a m e ;  w h a t  a r e  t h e  a l t e r n a t i v e  s o l u t i o n s ; and what are the consequences
o f  t h o s e  s o l u t i o n s . Need less  to  say , t h e r e  i s  a  d i f f e r e n c e  b e t w e e n  v a r i o u s
o f f i c i a l s  a n d  n o n o f f i c i a l s  a s  t o  t h e  e x t e n t  o f  a  h o l i s t i c  a p p r e c i a t i o n  f o r
t h i s  p r o b l e m . From these  percep t ions , t h e  v a r i o u s  b e l i e f s  t h a t  e m e r g e  f o c u s
on  how the  p rob lem shou ld  be  a t tacked  and  to  what  ex ten t  i t  shou ld  be  fu r ther
examinedand eventual ly changed.

Genera l  Remarks  and  Spec i f i c  F ind ings  fo r  the  Case  S tud ies

Once again, i t  w o u l d  b e  a  r e p e t i t i o u s  t a s k  t o  r e c a p i t u l a t e  t h e  f i n d i n g s
i n c o r p o r a t e d  i n  e a c h  o f  t h e  v o l u m e s  o f  t h e  t h r e e  d e t a i l e d  c a s e  s t u d i e s .  I n
o r d e r  t o  p r o v i d e  a n  o v e r v i e w  o f  t h e  s p e c i f i c  d i m e n s i o n s  o f  t h e  p r o b l e m  o f
re tu rn  f low and  o f  the  conc lus ions  d rawn in  each  case ,  we  have  ex t rac ted  some
p e r t i n e n t  d e s c r i p t i v e  r e m a r k s  a n d  c e n t r a l  f i n d i n g s . At the same t ime, we
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TABLE 5. INITIAL APPROACH FOR IDENTIFYING ISSUES IN IRRIGATION RETURN FLOW QUALITY CONTROL.

Major
Dimensions

SOCIO-
DEMOGRAPHIC

[Popu la t i on
I n s t i t u t i o n s
C u l t u r a l ]

ECONOMIC

LEGAL
REGIMES

ECOLOGICAL
(Env.
ambient con
Predom. type
o f  p o l . )

Proposed
Alternat ives

Technica l

2
Y_ . - - - - - - _ -.

:

Non-
Technical

-

YAKIMA MIDDLE RIO GRANDE SAN JOAQUIN GRAND

-Slow to moderate - F a s t  g r o w t h  r a t e . -Mod. growth rate. -Mod. growth rate (one
- R u r a l  i n  n a t u r e  w i t h U rban i za t i on  t r end : - U r b a n i z a t i o n - m o d .  t o urban area).

three urban centers El Paso-Las Cruces. f a s t . - L a r g e s t  n o .  o f  f a r m
- S i g n i f i c a n t  p r o p o r t i o n - S i g .  p r o p o r t i o n  o f - La rges t  no .  o f  wa te r u n i t s  u s i n g  i r r .  i n
o f  s m a l l e r  f a m i l y  f a r m s smal ler  fam.  farms u s e r s  i n  s m a l l e r  f a r m s m a l l  f a m i l y  f a r m s .
u s i n g  i r r i g a t i o n  ( f e w u s i n g  i r r .  C o r p . u n i t s  ( 1 0 - 9 9  a c r e s ) . - A c r .  s p l i t  b e t w e e n
corporate farms) farms are present . - L a r g e s t  a m t .  o f  i r r . s m a l l / m e d . / l a r g e

-Organ i za t i ons  i nvo l ved : -Organs. invo lved : a c r e a g e  i n  l a r g e r  f a r m s  f a r m  u n i t s .
BOR, Dept .  of  Eco. ,  d is- B O R ,  d i s t r i c t s ,  s t a t e (500 acres >) .
t r i c t s ,  S C S . organ., RIGREP.

- V a l u e  o f  w a t e r  u s e d  i n a g r i c u l t u r e  r e l a t i v e l y  l o w
- N o n m a r k e t  a l l o c a t i o n  o f  w a t e r  s u p p l y
- P r i c e  o f  w a t e r  t e n d s  t o  b e  d i s t r i b u t i o n  c o s t
-Cos t s  o f  wa te r  qua l i t y  imp rovemen t  t end  t o  be  h i gh
- B e n e f i t s  o f  w a t e r  q u a l -

i ty  improvement accrue
l a r g e l y  t o  a g r i c u l t u r e .

- P o t e n t i a l  c o m p e t i t i o n
fo r  wa te r  f o r  deve lop -
i n g  a g r .  l a n d .

-May not be enough
demand to create a
water  market .

- S t a t e  w a t e r  l a w  i n t e -
g ra tes  wa te r  quan t i t y
&  q u a l i t y .

- S t r o n g  p r o t e c t i o n  f o r
a g r i c . w a t e r  r i g h t s .

-Weak recogni t ion of  po l -
l u t i o n  f r o m  a g r i c .  w a t e r
r ights wi th BOR and
i r r i g .  d i s t r i c t  d i s t r i b .

- N o  i n t e r s t a t e  o r

- S a l i n i t y
nat ional  agreement.

-Sediment
-Phosphate
- N i t r a t e

- L a t e r a l  l i n i n g .
-Flow measurement.
- C a n a l  l i n i n g .

i i i -
- S y s t e m  R e h a b i l i t a t i o n

C a n a l s - L a t e r a l s .
- W a t e r  s o u r c e :  w a t e r

impor t ; weather mod. ;
- R e u s e  o f  r e t u r n  f l o w s ph rea tophy te  e rad . ;

(where appl icable) use  o f  h i gh  qua l .
-Con junc t i ve  use  o f g round  wa te r ;  r es .

ground water. evap. sup res . ;  p rev . I
-Add i t i ona l  S to rage o f  n a t u r a l  s a l t  i n f l o w .

capac i t y . -Delivery: water sup-
ply aqueduct system
r e h a b i l i t a t i o n .

-_--___--________________ ------__------____----  _____-_________________ .-
Economic
- R e a l l o c a t i o n  o f I

a g r i c .  w a t e r .

-S ta te  c r i t e r i a  f o r  de l i ve r y  base  t o  be  imposed  upon  pu rveyo rs
- I d e n t i f y  “ d u t y ”  c u m  “ l i a b i l i t y ” f o r  e f f i c i e n c y  d u e  t o  e x c e s s  s e e p a g e / c a r r i a g e  l o s s e s  
-P rov i de  i ncen t i ve  i n  l aw  by  a l l o ca t i ng  “ cap tu re ”  use  o f  “ saved ”  wa te r s

1 -

1
(cont inued)

----____----_-____-_------
Economic
- R e a l l o c a t i o n  o f
a g r i c .  w a t e r .

-Organize water  users
o n  e a c h  l a t e r a l .

-Tax on water  del ivered to users
Lega l

-Bene f i t s  o f  wa te r
qua l i t y  imp rovemen t
a c c r u e  t o  a g r i c .  a n d
n o n a g r i c .  u s e s .

-Emerging compet i t ion
between urban and
a g r i c .  u s e s .

-Bene f i t s  t end  t o
a c c r u e  t o  a g r i c .
users and nonagr ic .
users.

-Considerable subsidy
o f  wa te r  supp l y  f o r
a g r i c .

-Two state laws wi th
d i f f e r e n t  s u r f a c e /
ground water  laws.

- D i f .  s t a t e  a g e n c i e s
fo r  quan t .  &  qua l .

-Designated ground
water basins:  N.M.
a s  s o l u t i o n .

-Compact.
-T rea t y .

-One state system.
- I n t e g r a t e d .
-Dual  water  laws.
-Mu l t i t ude  o f  o rgans .
- V e s t e d  r i g h t s .
-Common law:

p o l l u t i o n  c o n t r o l .
-S t r ong “ r e a s o n a b l e ” /
beneficial use mandate

- S a l i n i t y
- N i t r a t e s

’

- B e n e f i t s  a c c r u e  t o
a g r i c .  u s e r s .

- P o l i t i c a l  c o n s i d e r -
a t i o n s  i m p o r t a n t  t o
e f f o r t s  t o  i m p r o v e
q u a l i t y  o f  r e t u r n
f l o w .

-One state system:
con junc t i ve  use .

-Sepa ra te  quan t / qua l .
- I r r i g a t i o n  c o m p a n i e s :

p r i v a t e / p u b l i c .
-Compact.
-T rea t y .
-Common law pol lu t ion.
- D i s i n c e n t i v e s  f o r  d e v . /

salvaged waters.

- S a l i n i t y
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TABLE 5. (Cont inued)

Technica l

US ) - - - - - - - - -
E

Non-
Technical

Technica l

I  - - - - - - - - -

 N o n -
Technica l

Technica l
- - - - - - - - -

 N o n -
Technica l

CRITICAL
POINTS/
ISSUES
[Ove r r i d i ng
concerns :
Preoccupa.
Character .
problem]

- C o n t o u r  f u r r o w s .
-Tailwater drain

improvements.
- T a i l w a t e r  p o n d s .
-Tailwater pond with

r e c i r c u l a t i o n .
- S p r i n k l e r  i r r i g a t i o n .
- T r i c k l e  i r r i g a t i o n .
- I r r i g a t i o n  s c h e d u l i n g .
- Imp rov ing  p resen t

i r r i g a t i o n  m e t h o d s .
- F e r t i l i z e r  p r a c t i c e s .
-Water measurement.
-Crops and cropping

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -
I

- Imp rov ing  ex i s t i ng
i r r i g a t i o n  m e t h o d s .

- S p r i n k l e r  i r r i g a t i o n .
- T r i c k l e  i r r i g a t i o n .
- I r r i g a t i o n  s c h e d u l i n g

-Improve on-farm
water management.

- T u n e - u p  e x i s t i n g
i r r i g a t i o n  m e t h o d s .

- I r r i g a t i o n  s c h e d u l i n g .

Economic
-Subsid ized improvement in  land/water  management
-Water  market /or  exchange
- R e g u l a t i o n  o f  u s e  i n  a g r i c u l t u r e
L e g a l
- E n f o r c e  b e n e f i c i a l  u s e
- E n c o u r a g e  t r a d i n g / s e l l i n g  o r  r e d u c e d  d i v e r s i o n  b y  r e m o v i n g  c o n s t r a i n t s  i n  l a w
-Place burden upon users to demonstrate need for  d ivers ions
- I m p o s e  d u t y  o f  e f f i c i e n c y  u p o n  p u b l i c  e n t i t i e s ,  i . e . , p u b l i c  t r u s t  f o r  u s e  o f  p u b l i c  r e s o u r c e +
-Focus--prevent ion measures

- T i l e  d r a i n a g e .
- G r a s s e d  r e t u r n  f l o w
d i t c h e s .

-Treatment ponds
(Sulphur Creek).

-Advanced treatment
(Sulphur Creek).
- D e s a l i n a t i o n .

- T i l e  d r a i n a g e .
- D e s a l i n a t i o n .
-Evapo ra t i on .

-Mas te r  d ra i n .
-Treatment .
- D e s a l i n a t i o n .
-Evapo ra t i on .
-Use: indus. c o o l a n t ;
marsh mangt . ;  sa l t
t o l e r a n t  c r o p s ;  g r o w -
ing a lgae;  sea water
r e p u l s i o n ;  o i l  f i e l d
r e p r e s s u r i z a t i o n .

----------------------------------

- T i l e  d r a i n a g e .
- D e s a l i n a t i o n .

Economic I
-General  assessment  for  water  t reatment
L e g a l

I

- E s t a b l i s h  c r i t e r i a  a n d  m o n i t o r i n g  s y s t e m
- A l l o w  r e u s e / r e c a p t u r e
- F o c u s - - c u r a t i v e

----------------------------------------
t

------------------------- ------------------------------------------

t

-----------------------------------

Economic
- R e t i r e m e n t  o f  l a n d  f r o m  i r r i g a t i o n
Lega l
By arena: L e g i s l a t i v e , a d m i n i s t r a t i v e ,  j u d i c i a l .
- L e g i s l a t i v e : .new or amended laws; ‘ c r e a t e  a n d  c o n d i t i o n  r i g h t s  a n d  d u t i e s  f o r  r e s o u r c e  u s e ;

. p r e s c r i b e  i n c e n t i v e s / b e n e f i t s  v i s - a - v i s  p e n a l t i e s
- A d m i n i s t r a t i v e  O r g a n i z a t i o n s : d e v e l o p  s p e c i f i c  r u l e s  a n d  r e g u l a t i o n s  t o  p a r t i c u l a r  i s s u e s  &

p r o b l e m s ;  . s t i m u l a t e  i n c e n t i v e s / v o l u n t a r y  p a r t i c i p a t i o n  b y  u s e r s ;  . i m a g e  r e l a t i o n -
s h i p ; ‘ a c c e p t  p u b l i c  t r u s t ;  .enhance contro l  over  resources (cease water  del iver ies,
inventory resources,  become water  broker)

- J u d i c i a r y : * r eso l ve  d i spu tes ;  ‘ app l y  “ s t anda rds  o f  commun i t y ”  mod i f i ed  by  l aw  t o  wa te r  use
e f f i c i e n c y ; * b a l a n c e  p u b l i c  i n t e r e s t  w i t h  p r i v a t e  r i g h t s ;  * i n j u n c t i o n s / d a m a g e s ;
.curative solutions

Lega l
-Closed system.
- E x c e l l e n t  l e g a l

framework.
- P u b l i c  e n t i t i e s
w i t h  p u b l i c  t r u s t .

Socia l
-Conflict between DOE &

d i s t r i c t s  w / r e g a r d  t o
authority over water mgmt.

- P e r c e p t i o n : abundance
o f  wa te r .

- Q u e s t i o n s  a s  t o  I n d i a n
water  r ights and consq.
for  local  economy.

 o n l y

Lega l L e g a l
- C o m p l e x  l e g a l / p o l i t i c a l - O v e r l a p p i n g

I
L e g a l
- P r i v a t e / p u b l i c  i r r i g .

s c e n e - S t a t e / F e d . / l n t e r -  j u r i s d i c t i o n s .
s t a t e / I n t e r n a t i o n a l . -Complex legal  system.

- C o n f l i c t i n g  u s e r s  w /
ves ted  r i gh t s .

companies.

Socia l S o c i a l  Socia l
- P e r c e p t i o n : l a c k  o f -Widespread apprehens. - D e t r i m . to Los Angeles

wa te r . a s  t o  f u t u r e  l o n g - t e r m  &  S a n  D i e g o  a n d  I m p e r i a l
-App rehens ion  o f  g round  ag r i c .  p roduc t i v i t y & Mexicale Val leys.

wa te r  dep le t .  due  t o d u e  t o  s a l i n i t y . - E n e r g y  d e v . ,  p a r t i c .  f o r
d i f .  l e g a l  s y s t e m s . -Water  qual i ty  degrad. new water demands on

-Urban demands in El to Bay Area, esp. w/ Colorado River.
Paso and Juarez. r e g a r d  t o  a q u a t i c -Further  use & degrada-

a n d  w i l d l i f e . t i on  o f  wa te r .

8 3



have included in each case the execut ive summary prepared as a mnemonic
d e v i c e  f o r  t h e  r e s e a r c h  d u r i n g  t h e  i n i t i a l  f i e l d  i n v e s t i g a t i o n s .

1. Y a k i m a  V a l l e y  ( T a b l e  6 ) - -
T h e  Y a k i m a  V a l l e y  i s  p r e d o m i n a n t l y  r u r a l  i n  n a t u r e .  A s  a  w h o l e ,  t h e

a r e a  i s  d i s t i n g u i s h e d  b y  a  s l o w - t o - m o d e r a t e  g r o w t h  r a t e . I n  t h e  r u r a l  a r e a s ,
t h e  i n d i v i d u a l  f a m i l y  f a r m  i s  t h e  p r e d o m i n a n t  f o r m  o f  o r g a n i z a t i o n  w i t h  a
m a j o r i t y  o f  f a r m  s i z e s  l e s s  t h a n  1 0 0  a c r e s . There  a re  a  l a rge  number  o f  pa r t
p a r t - t i m e  f a r m e r s  t h r o u g h o u t  t h e  V a l l e y  w i t h  t h e  v a s t  p e r c e n t a g e  o f  a c r e a g e
b e i n g  f a r m e d  b y  p a r t  o w n e r s ,  i . e . , those people who operate land they own and
a l s o  l a n d  t h a t  t h e y  r e n t  f r o m  o t h e r s . W i t h  r e g a r d  t o  i r r i g a t i o n ,  t h e r e  a r e
a  n u m b e r  o f  c r i t i c a l  o r g a n i z a t i o n s  i n v o l v e d : the  Bureau  o f  Rec lamat ion ,
w h i c h  r e p r e s e n t s  t h e  f e d e r a l  l e v e l ; the Washington State Department of
Ecology, the  agency  c rea ted  to  deve lop  and  imp lement  a  p rogram to  fac i l i t a te
the  dec is ion -mak ing  p rocess  regard ing  wate r  resources  management ;  and  the
l o c a l  i r r i g a t i o n  d i s t r i c t s , o f  w h i c h  t h e r e  a r e  2 5  i n  n u m b e r  w i t h  s i x  o f  t h e m
b e i n g  m a j o r  e n t i t i e s .

The  b road  soc ia l  cond i t i ons  tha t  emerged  f rom f ie ld  work  concern ing
t h e  p a r a m e t e r s  t h a t  w o u l d  d e l i m i t  c e r t a i n  r e t u r n  f l o w  s o l u t i o n s  c a n  b e
d i v i d e d  i n t o  t w o  g e n e r a l  c a t e g o r i e s : s t r u c t u r a l  c o n d i t i o n s  a n d  i n d i v i d u a l
c o n d i t i o n s . S t r u c t u r a l  c o n d i t i o n s  i n v o l v e : a )  t h e  i n s t i t u t i o n a l  p a r a m e t e r s
sur round ing  the  p rob lem a rea ; and  b )  the  commun ica t ion  ne twork  p resen t  in
t h i s  i n s t i t u t i o n a l  c o n t e x t .  C r i t i c a l  i n s t i t u t i o n a l  p a r a m e t e r s  b e g i n  w i t h  t h e
f a c t  t h a t  t h e r e  i s  a n  I n d i a n  r e s e r v a t i o n  i n  t h e  a r e a  w h i c h  h a s  s p e c i a l  r i g h t s
t o  t h e  w a t e r .  A m o n g  t h e  o r g a n i z a t i o n a l  e n t i t i e s ,  t h e r e  i s  a  l a c k  o f  w i l l i n g -
n e s s  t o  g e t  i n v o l v e d  d i r e c t l y  w i t h  w a t e r  q u a l i t y  e n f o r c e m e n t  o n  t h e  f a r m
l e v e l . E a c h  o r g a n i z a t i o n  s e e s  i t s  o w n  l i m i t a t i o n s  a n d  t h i n k s  t h a t  o t h e r s
h a v e  t h e  a u t h o r i t y  a n d  s h o u l d  u s e  i t . There  i s  concern  by  some tha t  the
i n t r o d u c t i o n  o f  a n y  s o l u t i o n  w i l l  i n i t i a l l y  h a v e  t o  b e  d e a l t  w i t h . The SCS
h a s  a l  r e a d y  s t a r t e d  a n  o n - f a r m  p i  l o t  p r o j e c t  t o  d e a l  w i t h  w a t e r  q u a l i t y
improvement.

Regarding communicat ion networks, they  a re  poor  a t  bes t  be tween the
f a r m e r  a n d  t h e  i r r i g a t i o n  d i s t r i c t s . Many farmers do not even know who their
board members are. C o m m u n i c a t i o n  b e t w e e n  t h e  i r r i g a t i o n  d i s t r i c t s  h a s  b e e n  a
relat ively new phenomenon. F i n a l l y ,  t h e r e  i s  c o n c e r n  b y  s o m e  o f f i c i a l s  t h a t
w h i l e  i n f o r m a t i o n  o n  w a t e r  q u a l i t y  m a n a g e m e n t  i s  r e a d i l y  a v a i l a b l e ,  t h e
fa rmers ’ a b i l i t y  t o  a p p l y  t h a t  i n f o r m a t i o n  t o  t h e i r  f a r m  i s  q u e s t i o n a b l e  i n
many cases. Thus, t h e  q u e s t i o n : h o w  v a l u a b l e  i s  a  d e m o n s t r a t i o n  p r o j e c t ;
and ,  even  i f  i t  wou ld  be  va luab le ,  how shou ld  i t  be  hand led?

I n d i v i d u a l  c o n d i t i o n s  c a n  b e  d i v i d e d  i n t o  t w o  b r o a d  a r e a s  o f  c o n c e r n ,
t h a t  o f  b e l i e f s  a n d  t h a t  o f  p e r c e p t i o n s . F o r  a  p o t e n t i a l  o v e r a l l  p r o g r a m ,
t h e r e  h a v e  b e e n  s o m e  d e f i n i t e  p e r c e p t u a l  c o n s t r a i n t s . Many peop le  in  the
a r e a  b e l i e v e  t h a t  t h e  s i g n i f i c a n t  p o l l u t e r s  c o m p r i s e  o n l y  5  p e r c e n t  o f  t h e
p o p u l a t i o n . They  perce ive  tha t  the  NPDES program is  pun ish ing  the  good
fa rmer . F a r m e r s  s e e  t h a t  s p e c i f i c  m e t h o d s  o f  i r r i g a t i o n  a r e  n o t  c u r e - a l l s ,
namely, t h a t  t r i c k l e  a n d  s p r i n k l e  i r r i g a t i o n  s y s t e m s  a l s o  h a v e  p r o b l e m s .
F i n a l l y , t h e r e  i s  n o  h o l i s t i c  p e r c e p t i o n  b y  t h e  f a r m e r s  o f  t h e  w a t e r  m a n a g e -
ment problem. They  a re  concerned  about  the i r  own proper ty . There are a
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TABLE 6.  YAKIMA VALLEY EXECUTIVE SUMMARY.

THE STUDY AREA

- The Yakima River heads in the Cascades and flows 180 miles in a generally southeasterly direction to its
confluence with the Columbia River.

- The total area of irrigated land is 505,000 acres.

- Servicing the irrigable land are six storage dams, five diversion dams, two hydroelectric plants, six
major governmental irrigation projects, plus numerous small private irrigation systems.

- 80 percent of the land is irrigated by furrow or flood irrigation methods.

- The Valley is the largest producer of agricultural commodities in the state of Washington, yielding
more than $180 million per year.

- Irrigation is governed under the appropriation doctrine.

- The Valley is still predominately rural, experiencing only slow to moderate growth.

- There are three distinct urban areas situated at the head of the Valley (Ellensburg), in the center
(Yakima), and at the mouth of the river (Tri-Cities area).

- The Wapato Indian Reservation uses the water from the Yakima River under special water rights.

- The farm population constitutes mostly family-sized farm units with only a few corporate farms.

- There are a large number of part-time farmers and nonfarm users of irrigation water.

THE PROBLEM

- Sources of pollution closely related to agriculture with the major factor being irrigation return flow.

- Most significant problems: high stream temperatures, heavy algal growth, and bacterial contamination.

- Causes of river degradation:
a. Excess surface return flows which place sediment and phosphates into the river;
b. Excess deep percolation which transports nitrates and other salts to the Yakima River.

ALTERNATIVE SOLUTIONS

- Solutions involving the delivery subsystem:

. System rehabilitation: canal lining, additional check structures, automated controls.

. Taming the amount of pollution that a user contributes.

. Regulations on the amount of pollution that a user can create.

. Tax on the excess water and on the fertilizer a farmer uses.

- Solutions involving the user subsystem:

. Different irrigation methods, i.e., sprinkler, trickle.

. Irrigation scheduling.

. Recirculation of irrigation tailwater.

. Subsidies to farmers in the form of financial means and/or technical assistance.

. Change in market structure for allocating water.

- Solutions involving the treatment subsystems:

. Treatment ponds for precipitating sediments.

. Advanced treatment methods to remove phosphorus, nitrogen, bacteria, and salts.
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c o u p l e  o f  b e l i e f s  t h a t  d e l i m i t  a n y  s o l u t i o n . There  i s  agreement  tha t  the
p r o b l e m  o f  w a t e r  q u a l i t y  s h o u l d  b e  a t t a c k e d  a t  t h e  s o u r c e . A l s o ,  t h a t  t h e r e
m u s t  b e  a n  i n c r e a s e  i n  s t o r a g e  f a c i l i t i e s . A l m o s t  a l l  f e e l  s t r o n g l y  a b o u t
k e e p i n g  t h e  w a t e r  i n  t h e  s t a t e  a n d  i n  m a i n t a i n i n g  i n t a c t  t h e i r  w a t e r  r i g h t s .

T h e  m a j o r  e c o n o m i c  c o n d i t i o n  c o n t r i b u t i n g  t o  t h e  i r r i g a t i o n  r e t u r n  f l o w
po l lu t ion  p rob lem in  the  Yak ima Va l ley  i s  the  absence  o f  a  marke t  sys tem fo r
a l  l oca t ing  wate r  resources . A s  a  r e s u l t , w a t e r  i s  u n d e r p r i c e d  w i t h  r e s p e c t
t o  o t h e r  p r o d u c t i o n  r e s o u r c e s  a n d  r e l a t i v e l y  i n f l e x i b l e  i n  i t s  u s e . These
c o n d i t i o n s  c a u s e  w a t e r  t o  b e  i n e f f i c i e n t l y  u t i l i z e d  b y  f a r m e r s ,  t h u s  c o n -
t r i b u t i n g  t o  w a t e r  p o l l u t i o n  f r o m  r e t u r n  f l o w s . The p resen t  a l  l oca t ion  sys -
t e m  a p p r o p r i a t e s  w a t e r  o n  t h e  b a s i s  o f  p r i o r i t y  d a t e s  r a t h e r  t h a n  h i g h e s t
valued use. T h a t  i s , t h e  c u r r e n t  i n s t i t u t i o n a l  a r r a n g e m e n t  i s  n o t  f l e x i b l e
w i t h  r e s p e c t  t o  t h e  e f f i c i e n t  u s e  o f  t h e  w a t e r  r e s o u r c e . A l s o ,  t h e  p r e s e n t
s y s t e m  p r i c e s  w a t e r  a c c o r d i n g  t o  i t s  a v e r a g e  c o s t  o f  c o n v e y a n c e  t o  t h e  f a r m .
T h i s  t y p i c a l l y  r e s u l t s  i n  w a t e r  b e i n g  r e l a t i v e l y  c h e a p  i n  c o m p a r i s o n  w i t h
c a p i t a l  a n d  l a b o r  i n p u t s  s o  t h a t  w a t e r  i s  s u b s t i t u t e d  f o r  t h e m ,  c a u s i n g  a
d i s p a r i t y  b e t w e e n  e c o n o m i c  a n d  p h y s i c a l  e f f i c i e n c y  o f  u s e . I n e f f i c i e n t  w a t e r
u s e  i s  p e r h a p s  t h e  m o s t  i m p o r t a n t  c a u s e  o f  r e t u r n  f l o w  p o l l u t i o n  i n  t h e
Yak ima Va l ley .

T h e  p o s s i b l e  e c o n o m i c  s o l u t i o n s  t o  t h e  r e t u r n  f l o w  p o l l u t i o n  p r o b l e m
( o u t l i n e d  i n  T a b l e  4 )  a r e  d i r e c t e d  t o w a r d s  e i t h e r  c r e a t i n g  a  m a r k e t  o r
a p p r o x i m a t i n g  a  m a r k e t  s o l u t i o n . T h a t  i s , e i t h e r  c h a n g e  t h e  p r e s e n t  i n s t i t u -
t i ona l  a r rangement  to  a l l oca te  wa te r  th rough  a  marke t  mechan ism,  o r  ex te rna l l y
a l t e r  t h e  p r i c e  o f  w a t e r  s u c h  t h a t  i t  i s  m o r e  e f f i c i e n t l y  u t i l i z e d . By pro-
v i d i n g  f o r  a  m a r k e t  a l  l o c a t i o n  o f  w a t e r , a n  o p p o r t u n i t y  c o s t  w o u l d  b e  a s s o c i -
a t e d  w i t h  t h e  u s e  o f  i r r i g a t i o n  w a t e r  s u c h  t h a t  p r o f i t  m a x i m i z i n g  f a r m e r s
w o u l d  b e  i n d u c e d  t o  u s e  w a t e r  m o r e  e f f i c i e n t l y  a n d  s e l l  t h e  s u r p l u s  t o  o t h e r s ,
t h u s  r e d u c i n g  r e t u r n  f l o w  p o l l u t i o n . W h i l e  s u c h  a  s o l u t i o n  w i l l  n o t  n e c e s s a r -
i l y  i n t e r n a l i z e  a l l  w a t e r  u s e  c o s t s , i t  w o u l d  t e n d  t o  r e d u c e  r e t u r n  f l o w
p o l l u t i o n  w i t h o u t  o b j e c t i o n a b l e  g o v e r n m e n t a l  i n t r u s i o n  i n t o  p r i v a t e  m a n a g e -
m e n t  a c t i v i t i e s . T h a t  i s , a  marke t  sys tem wou ld  p r i ce  wate r  a t  the  va lue  o f
i t s  u s e  a n d  a l l o c a t e  i t  t o  u s e s  w i t h  t h e  h i g h e s t  v a l u e . R a t h e r  t h a n  c o r r e c t -
i n g  t h e  e n t i r e  p o l l u t i o n  p r o b l e m  w i t h  e x t r a - m a r k e t  a d j u s t m e n t s ,  t h e  m a r k e t
so lu t ion  wou ld  a l l ow the  marke t  mechan ism to  au tomat i ca l l y  reduce  po l lu t i on
t h r o u g h  a  m o r e  e f f i c i e n t  a l l o c a t i o n  a n d  p r i c i n g  o f  w a t e r . Any unacceptable
r e s i d u a l  p o l l u t i o n  c o u l d  t h e n  b e  d e a l t  w i t h  b y  e x t r a - m a r k e t  s o l u t i o n s .
A l t e r n a t i v e l y , the  marke t  so lu t ion  can  be  approx imated  th rough var ious  tax ing
and/or subsidy schemes. By  t ax i ng  wa te r , i t s  p r i c e  c a n  b e  i n c r e a s e d  t o
a p p r o x i m a t e  i t s  a c t u a l  v a l u e  o f  u s e . T h i s  w o u l d  i n d u c e  f a r m e r s  t o  s u b s t i t u t e
more  e f f i c ien t  management  fo r  wa te r  and ,  thus , r e d u c e  r e t u r n  f l o w  p o l l u t i o n .
On the  o ther  hand ,  fa rmers  cou ld  be  b r ibed  to  adop t  more  e f f i c ien t  wa te r  man-
agement  p rac t i ces .

The  ma jo r  cons t ra in t  su r round ing  the  imp lementa t ion  o f  a  wa te r  marke t
i s  t h e  u n c e r t a i n t y  o f  w a t e r  r i g h t s , t h e  a b i l i t y  t o  m a i n t a i n  t h o s e  r i g h t s  w h e n
w a t e r  i s  a c t u a l l y  t r a n s f e r r e d , a n d  c e r t a i n  h y d r o l o g i c  u n c e r t a i n t i e s .  I n
essence, a n  a d j u d i c a t i o n  o f  w a t e r  r i g h t s  i n  t h e  V a l l e y  w o u l d  b e  a  n e c e s s a r y
c o n d i t i o n  f o r  c r e a t i n g  a  m a r k e t  a n d  w a t e r  r i g h t  h o l d e r s  w o u l d  n e e d  t o  b e
g u a r a n t e e d  t h e i r  r i g h t  e v e n  i f  t h e y  r e n t  a  p o r t i o n  o f  t h e i r  a l l o c a t i o n .
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A l s o ,  p h y s i c a l  i n t e r d e p e n d e n c i e s  b e t w e e n  w a t e r  u s e s  r e q u i r e  s p e c i f i c a t i o n  i n
o r d e r  t o  a v o i d  i n j u r y  t o  j u n i o r  r i g h t  h o l d e r s .

In  the  case  o f  Yak ima Va l ley , a  w a t e r  m a r k e t  c o u l d  r e d u c e  i r r i g a t i o n
r e t u r n  f l o w  p o l l u t i o n  b y  a t  l e a s t  3 1  p e r c e n t  w h i l e  g e n e r a t i n g  $ 4 . 5  m i l l i o n
o f  p a y m e n t s  t o  w a t e r  r i g h t  h o l d e r s  a n d  i n c r e a s i n g  t o t a l  f a r m  p r o d u c t i o n  b y
$ 1 3  m i l l i o n . Cur ren t  s ta te  water  qua l i t y  s tandards  wou ld  be  met  o r  exceeded
i n  a l l  b u t  a  s m a l l  s t r e t c h  o f  t h e  r i v e r . F a r m e r  r e a c t i o n  t o  t h i s  s o l u t i o n
i s  g e n e r a l l y  o n e  o f  i n d i f f e r e n c e , r e f l e c t i n g  i n  l a r g e  p a r t  a  l a c k  o f  u n d e r -
s t a n d i n g  a s  t o  w h a t  t h i s  s o l u t i o n  e n t a i l s , as  we l l  as  assumed res is tance  to
economic  so lu t ions  requ i r ing  moneta ry  read jus tments . A  taxa t ion  scheme cou ld
reduce  wate r  po l lu t ion  by  as  much  as  o r  more  than  the  marke t  so lu t ion . I t
w o u l d  a l s o  i n d u c e  m o r e  e f f i c i e n t  w a t e r  u s e , so  tha t  c rop  incomes  wou ld  a lso
b e  e x p e c t e d  t o  r i s e . Genera ted  revenues  cou ld  be  used  to  fu r ther  improve  the
r i v e r ’ s  w a t e r  q u a l i t y . Res is tance  among fa rmers ,  however ,  i s  s t rong  fo r
obv ious  reasons.

S u b s i d i z a t i o n  o f  m e a s u r e s  t o  r e d u c e  r e t u r n  f l o w  p o l l u t i o n  i s  g e n e r a l l y
expensive. A  subs id ized  p rogram in  the  Grand  Va l ley ,  Co lo rado ,  wh ich  has  a
s i m i l a r  p r o b l e m  t h o u g h  i n  a  s m a l l e r  s c a l e ,  i s  e s t i m a t e d  t o  b e  m o r e  t h a n
$ 1 0 0  m i l l i o n . Moreover, r e s u l t s  s o  f a r .  a r e  r a t h e r  q u e s t i o n a b l e . The main
f a r m e r  r e s i s t a n c e  t o  s u c h  s c h e m e s  i n v o l v e s  e i t h e r  r e a l  o r  i m a g i n e d  i n t e r v e n -
t i o n  o f  g o v e r n m e n t  i n t o  i n d i v i d u a l  f a r m e r  a c t i v i t i e s  a s  a  c o n d i t i o n  o f  s u c h
subs id i es .

A s  s t a t e d  i n  t h e  p r e v i o u s  g e n e r a l  d i s c u s s i o n ,  t h e  c o n t r o l  o f  w a t e r  q u a l -
i t y  r a i s e s  t w o  b a s i c  i s s u e s ,  n a m e l y ,  i n c e n t i v e s  a n d  e n f o r c e m e n t . At the same
t i m e , i r r i g a t i o n  r e t u r n  f l o w  i s  s e e n  a s  a  n o n p o i n t  s o u r c e  o f  p o l l u t i o n  w h o s e
c o n t r o l  h a s  b e e n  i n e f f e c t i v e  d u e  t o  t h e  c o m p l e x i t y  s u r r o u n d i n g  t h i s  s i t u a t i o n .
T h e  i n a p p r o p r i a t e  i r r i g a t i o n  p r a c t i c e s  a n d  m e t h o d s ;  l a c k  o f  a p p r e c i a t i n g  t h e
n a t u r e  o f  t h e  p r o b l e m ;  l a c k  o f  c o m m u n i c a t i o n ;  i n e f f i c i e n t  w a t e r  u s e ;  n o
i n t e r n a l i z a t i o n  o f  p o l l u t i o n  c o s t s ; c o n s t r a i n t s  o n  w a t e r  t r a n s f e r s ;  f a i l u r e
t o  e n f o r c e  b e n e f i c i a l  u s e  p r o v i s i o n s  o f  l a w ;  a n d ,  a  h o s t  o f  r e l a t e d  c o n d i t i o n s
c o n t r i b u t e  t o  p r o b l e m s  o f  r e t u r n  f l o w .

The  assessment  p rocess  descr ibed  ear l i e r  inc luded  the  genera t ion  o f  a
w i d e  r a n g e  o f  p o t e n t i a l  s o l u t i o n s ; t h e  e v a l u a t i o n  o f  s u c h  s o l u t i o n s  b y  t h e
research team, w a t e r  a d m i n i s t r a t o r s  a n d  w a t e r  u s e r s ;  a n d ,  t h e  i d e n t i f i c a t i o n
o f  t e c h n i c a l l y ,  e c o n o m i c a l l y ,  l e g a l l y , a n d  s o c i a l l y  f e a s i b l e  s o l u t i o n s .  A t
the end of  such an assessment process, the  research  team has  a r r i ved  a t  a
s e r i e s  o f  b o t h  s p e c i f i c  a s  w e l l  a s  o v e r a l l  c o n c l u s i o n s  r e g a r d i n g  i r r i g a t i o n
r e t u r n  f l o w  q u a l i t y  c o n t r o l  i n  t h e  Y a k i m a  V a l l e y . T h e  s e r i e s  o f  s p e c i f i c
f i n d i n g s  ( c o n c e r n i n g  p o t e n t i a l  c a u s e s  a n d  s o l u t i o n s  t o  t h e  p r o b l e m )  c a n  b e
found in  Sec t ion  2  o f  the  Yak ima case  s tudy . Here, in terms of  more general
f i n d i n g s  a n d  o f  i n t e g r a t i v e  c o m m e n t a r y , t h e  f o l l o w i n g  r e m a r k s  u n d e r l i n e  t h e
c o n c l u s i o n s  o f  t h e  s t u d y :

1. U n d e r  t h e  e x i s t i n g  s i t u a t i o n  i n  t h e  Y a k i m a  V a l l e y ,  w a t e r  u s e r s  h a v e
n o  p a r t i c u l a r  i n c e n t i v e  f o r  c h a n g e  ( e s p e c i a l l y  f o r  a  v o l u n t a r y  a s s u m p -
t i o n  o f  w a t e r  q u a l i t y  m a n a g e m e n t )  u n l e s s  a n  e x p l i c i t  l e g a l  a n d / o r
e c o n o m i c  i n c e n t i v e  o r  d i s i n c e n t i v e  m i x  c a n  b e  e s t a b l i s h e d .
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2. I n  t h i s  r e g a r d , t h e  c i r c u m s t a n c e s  i n  t h e  V a l l e y  p o i n t  o u t  t h a t  t h e r e
a r e  a c t u a l l y  i n c e n t i v e s  f o r  m a i n t a i n i n g  t h e  s a m e  p r a c t i c e s  t h a t  c o n t r i b -
u t e  t o  p o l l u t i o n  i n  t h e  s e n s e  t h a t  t h e  s y s t e m  w o r k s  i n  s u c h  a  f a s h i o n
t h a t  i t  d o e s  n o t  p r o v i d e  m o t i v a t i o n  f o r  c h a n g e . In  many respec ts ,  the
sys tem imposes  pena l t ies  fo r  those  who w ish  o r  a re  a t tempt ing  change.

3. T h e r e  s e e m s  t o  b e  a n  i n a b i l i t y  b y  m a n y  i n  t h e  V a l l e y  t o  v i e w  t h e
p r o b l e m  i n  a  h o l i s t i c  f a s h i o n , a s  p a r t i c u l a r l y  p e r t i n e n t ,  o r  a s  u r g e n t ,
a n d  q u e s t i o n s  a r e  r a i s e d  a s  t o  t h e  c r e d i b i l i t y  o f  i m m e d i a t e  a t t e n t i o n
a n d  s o l u t i o n s  t o  a  n o t  w e l l - d e f i n e d  o r  a c c e p t e d  p r o b l e m .

4. T h e  p r e s e n c e  o f  a  p i l o t  p r o j e c t  i n  t h e  a r e a  ( S u l p h u r  C r e e k )  i s
u n i q u e  i n  t h a t  i t  h a s  i n c r e a s e d  a w a r e n e s s  a s  t o  t h e  p r o b l e m ,  s o l u t i o n s
a n d  n a t u r e  o f  i r r i g a t i o n  r e t u r n  f l o w  q u a l i t y  c o n t r o l . A t  the  same t ime,
the  imp lementa t ion  approach  recommended  in  th i s  demons t ra t ion  p ro jec t
has  c rea ted  ques t ions  and  ambiva len t  fee l ings  as  to  the  p ros  and  cons
o f  t h e  s o l u t i o n s  a d v o c a t e d ,  p a r t i c u l a r l y  a s  t o  c o r r e c t i v e  m e a s u r e s  v i s -
a - v i s  i r r i g a t i o n  r e t u r n  f l o w . O v e r a l l , recen t  d iscuss ions  and  concern
wi th  re tu rn  f low inc reased awareness  as  to  the  need to  do  someth ing ;
i f  n o t h i n g  e l s e , th is  concern  has  b rought  about  inc reased in te ragency
c o o p e r a t i o n .

5. In  the  case  o f  Yak ima, t h e  s t a t e  a l s o  h a s  t a k e n  a n  a c t i v e  r o l e ,  p r o -
v i d i n g  b e t t e r  c o o r d i n a t i o n  a n d  i n v o l v e m e n t . T h i s  i s  d e r i v e d  f r o m  t h e
p o s i t i v e  a t t i t u d e  o f  t h e  D e p a r t m e n t  o f  E c o l o g y  ( D O E )  a s  w e l l  a s  f r o m
t h e  f a c t  t h a t  t h e r e  s e e m s  t o  b e  a  p u b l i c  r e c o g n i t i o n  b y  a l l  a p p r o p r i a t e
a u t h o r i t i e s  o f  t h e  p r o b l e m  w h i c h  u l t i m a t e l y  e n h a n c e s  t h e  p o t e n t i a l
t r a c t a b i l i t y  a n d  s o l u t i o n  o f  r e t u r n  f l o w  p r o b l e m s .

6. F i n a l l y , t h e  f i n d i n g s  o f  t h i s  p a r t i c u l a r  s t u d y  a n d  t h e  a n a l y s i s  o f
m a t e r i a l  c o n c e r n i n g  t h e  Y a k i m a  V a l l e y  c o n f i r m  t h e  g e n e r a l  h y p o t h e s i s  o f
t h e  s t u d y  t h a t  t h e r e  d o e s  e x i s t  a  v a r i e t y  o f  a p p r o p r i a t e  t e c h n o l o g i e s
and  techno log ica l  measures . The  key  p rob lem rema ins  tha t  o f  the  imp le -
m e n t a b i l i t y  o f  s o l u t i o n s ,  p a r t i c u l a r l y  t h r o u g h  t h e  a c c e p t a n c e  o f  a  c o m -
b i n a t i o n  o f  i n s t i t u t i o n a l  m e c h a n i s m s  i n  t h e  c o n t e x t  o f  a p p r o p r i a t e
t e c h n o l o g i c a l  s o l u t i o n s .

I I. M idd le  R io  Grande  Va l ley  (Tab le  7 ) - -
T h e  a r e a  o f  p r o b l e m a t i c  c o n c e r n  i s  t h a t  p o r t i o n  o f  t h e  M i d d l e  R i o  G r a n d e

Va l ley  l y ing  be tween the  E lephant  But te  Reservo i r  and  For t  Qu i tman,  Texas .
F o r  p r a c t i c a l  p u r p o s e s ,  i t  i s  a  c l o s e d  b a s i n ,  f o r  t h e r e  i s  n o  f l o w  i n  t h e
r iver  be low For t  Qu i tman. T h i s  c h a r a c t e r i s t i c  m a k e s  t h e  q u a l i t y  o f  r e t u r n
f l o w s  f r o m  i r r i g a t i o n  v e r y  s i g n i f i c a n t . Releases f rom Elephant Butte Reser-
v o i r  a r e  t h e  s o u r c e  o f  w a t e r  f o r  t h e  a r e a . Re leases  p lus  re tu rn  f l ows  con-
s t i t u t e  t h e  a v a i l a b l e  w a t e r  s u p p l y - - f o r  i r r i g a t i o n  a n d  o t h e r  u s e s  o f  w a t e r .

A s  w a t e r  f l o w s  i n  t h e  R i o  G r a n d e  f r o m  E l e p h a n t  B u t t e  R e s e r v o i r  t o  F o r t
Quitman, Texas, i t s  q u a l i t y  i s  i n c r e a s i n g l y  r e d u c e d  b e c a u s e  o f  r e t u r n  f l o w s
f r o m  i r r i g a t e d  l a n d s  a n d  s u r f a c e  f l o w s  f r o m  u n p r o t e c t e d  u p l a n d  a r e a s . S a l t
concen t ra t ions  a re  inc reased  because  some so lub le  m inera ls  a re  leached  f rom
t h e  s o i l  i n  t h e  p r o c e s s  o f  i r r i g a t i o n  a n d  b e c a u s e  t h e  v o l u m e  o f  w a t e r
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TABLE 7 . MIDDLE RIO GRANDE VALLEY EXECUTIVE SUMMARY.

THE STUDY AREA

- The Rio Grande River flows from the eastern slope of the San Juan Mountains in Colorado south through
New Mexico and then forms the boundary between Texas and Mexico.

- The study area of the Rio Grande Basin stretches 210 miles from Elephant Butte Reservoir in New Mexico
to Fort Quitman, Texas, containing about 8,000 square miles.

- Elephant Butte Reservoir, with a 2.2 million acre-foot capacity, stores and regulates the flow of the
river into the study area.

- The basin is divided by natural barriers into three distinct valleys: Rincon, Mesilla and EL Paso.

- The total water right area is 159,650 acres within the Rio Grande Project, and an additional 18,000
acresin Hudspeth County, Texas. Nearly all irrigation is by surface methods.

- A wide range of crops are gram, including cotton, alfalfa, peppers, pecans, onions, and lettuce.

- The average value per irrigated acre is $428.50.

THE PROBLEM

- The water released from Elephant Butte Reservoir is often entirely consumed in the study area, leaving
the river bed dry below Fort Quitman.

- As flow rates decline with increasing distance from Elephant Butte, the concentration of salts increases.
Average concentration of total dissolved solids in the river:

500 mg/l -- below Caballo Dam
800 mg/l -- at El Paso

1,850 mg/l -- at Fort Quitman

This is evidence of the concentrating effect of irrigated agriculture.

- Total salt load in the river generally decreases with increasing distance from Elephant Butte. The
irrigated Land is accumulating salt.

- Due to water shortages, much ground water is being pumped to augment surface supplies. This water is
typically very saline, ranging from 1100 mg/l TDS to as much as 5000 mg/l TDS.

ALTERNATIVE SOLUTIONS

- Water supply subsystem:

. Water augmentation schemes.

. Phreatophyte eradication.

- Delivery subsystem:

. Canal lining.

. System rehabilitation.

- User subsystem:

. Water metering.

. Irrigation scheduling.

. Capital-intensive irrigation system: trickle or sprinkler with precision control.

- Return flow subsystem:

. Desalinization.

. Modification of irrigation practices to reduce return flows.
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r e t u r n i n g  t o  t h e  r i v e r , a f t e r  i r r i g a t i o n  o f  c r o p s ,  i s  n e c e s s a r i l y  s m a l l e r
t h a n  t h a t  w h i c h  w a s  d i v e r t e d . W h e n  w a t e r  i s  u s e d  f o r  i r r i g a t i o n ,  t h e r e  i s  a n
u n a v o i d a b l e  c o n c e n t r a t i o n  o f  s a l t s  i n  r e t u r n  f l o w s . F o r  t h e  m o s t  p a r t ,  t h e
V a l l e y  f r o m  E l e p h a n t  B u t t e  D a m  t o  F o r t  Q u i t m a n ,  T e x a s ,  i s  r u r a l  i n  n a t u r e ,
bu t  a round the  E l  Paso-Las  Cruces  a rea  u rban iza t ion  i s  a  rap id ly  g rowing
phenomenon. In  these areas , t h e r e  i s  a  h i g h  p e r c e n t a g e  o f  r u r a l  n o n f a r m
res iden ts  and  a  h igh  number  o f  pa r t - t ime  fa rmers . Par t -owners  f rom the
grea tes t  amount  o f  ac reage  wh i le  the  mos t  p redominan t  fa rm o rgan iza t ion  i s
t h e  i n d i v i d u a l  a n d  f a m i l y  t y p e  o f  f a r m .

R e g a r d i n g  i r r i g a t i o n , t h e r e  a r e  a  p l e t h o r a  o f  o r g a n i z a t i o n a l  e n t i t i e s
interested in water management. A t  t h e  f e d e r a l  l e v e l , the Bureau of  Reclama-
t i o n , t h e  S o i l  C o n s e r v a t i o n  S e r v i c e , and  the  In te rna t iona l  Boundary  and  Water
Commiss ion  a re  c r i t i ca l  components . S t a t e  a g e n c i e s  d e a l i n g  w i t h  w a t e r
quant i ty  and water  qua l i t y  o r ig ina te  f rom both  Texas and New Mex ico  and,  in
a d d i t i o n ,  t h e r e  i s  a  r e g i o n a l  g r o u p  o r g a n i z e d  t o  s t u d y  t h e  a r e a  i n  i t s  o w n
r i g h t . T h e r e  a r e  t h r e e  i r r i g a t i o n  d i s t r i c t s  c o n t r o l l i n g  w a t e r  d i s t r i b u t i o n .
T o  a d d  t o  t h e  s i t u a t i o n , t h e  r i v e r  i s  u n d e r  a n  i n t e r s t a t e  a n d  i n  i n t e r n a t i o n -
al  agreement.

As  in  the  case  o f  Yak ima Va l ley , the  cond i t i ons  tha t  emerged  f rom the
f i e l d  d a t a  c o n c e r n i n g  t h e  p a r a m e t e r s  t h a t  w o u l d  d e l i m i t  c e r t a i n  s o l u t i o n s
c a n  b e  d i v i d e d  i n t o  t w o  g e n e r a l  c a t e g o r i e s : s t r u c t u r a l  a n d  i n d i v i d u a l  c o n d i -
t i o n s . T h e  c r i t i c a l  i n s t i t u t i o n a l  p a r a m e t e r s  h e r e  i n c l u d e ,  f i r s t  o f  a l l ,  t h e
s e r i o u s  s h o r t a g e  o f  w a t e r  f o r  m u c h  o f  t h e  t i m e . T h i s  n a t u r a l  i d i o s y n c r a c y
d e m a n d s  t h a t  s a l t s  b e  l e a c h e d  f r o m  t h e  s o i l  i n  o r d e r  t o  m a i n t a i n  t h e  v i a b i l -
i t y  o f  t h e  l a n d . I n  a d d i t i o n , there  i s  a  h igh  degree  o f  in te rdependence  be-
t w e e n  t h e  i r r i g a t i o n  d i s t r i c t s  a n d  t h e y  d o  c o n c e r n  t h e m s e l v e s  w i t h  t h e
management of  their  systems. F i n a l l y ,  g i v e n  t r e n d s  a n d  d e v e l o p m e n t s  i n  t h e
area , t h e  p r o b l e m  o f  u r b a n i z a t i o n  a n d  t h e  u s e  o f  a g r i c u l t u r a l  w a t e r  i s  p r e -
sen t  in  any  p roposed water  p lan .

T h e s e  i n s t i t u t i o n a l  p a t t e r n s  p r o v i d e  f o r  i n t e r e s t i n g  c o m m u n i c a t i o n  n e t -
works. T h e r e  i s  a  l o t  o f  c o m m u n i c a t i o n  b e t w e e n  t h e  t w o  l a r g e r  i r r i g a t i o n
d is t r i c ts  regard ing  wate r  management . Ye t  communica t ion  be tween o f f i c ia ls
a n d  t h e  f a r m e r s  o n  t h e  p e r m i t  s y s t e m  a n d  o n  o t h e r  w a t e r  c r i t e r i a  i s  n o t i c e -
a b l y  l a c k i n g . The permit  system idea has not  been communicated to most of
the  fa rmers . T h e r e  i s  a l s o  a  l a w s u i t  b y  e n v i r o n m e n t a l i s t s  t o  s a v e  p h r e a t o -
phytes which consume precious water.

I n d i v i d u a l  c o n d i t i o n s  c a n  b e  a g a i n  d i v i d e d  i n t o  t w o  b r o a d  a r e a s  o f
concern, t h a t  o f  b e l i e f s  a n d  t h a t  o f  p e r c e p t i o n s . T h e r e  i s  a  m a j o r  b e l i e f
that  on-farm management programs wi l l  not  have a major  impact  on water  qual-
i t y  b e c a u s e  t h e  p o o r  u s e r s  o f  w a t e r  g e n e r a l l y  f a i l  f i n a n c i a l l y . Farmers are
n o t  e n t h u s i a s t i c  a b o u t  a  d i s t r i c t  r e h a b i l i t a t i o n  p r o g r a m ,  a n d  t h e y  b e l i e v e
t h a t  t h e y  s h o u l d  b e  a b l e  t o  d o  w h a t  t h e y  w i s h  w i t h  t h e i r  a l l o c a t e d  w a t e r .

T h e r e  a r e  a  f e w  p e r c e p t i o n s  o f  o f f i c i a l s  a n d  f a r m e r s  t h a t  c o u l d  l i m i t
t h e  t y p e s  o f  s o l u t i o n s  p r o p o s e d . New Mex ico  peop le  see poor  water  qua l i t y
as Texas’  problem. T h e r e  i s  a  g r e a t  c o n c e r n  t h a t  t h e  S t a t e  D e p a r t m e n t  w i l l
compromise farmers’ w a t e r  r i g h t s  i n  o r d e r  t o  c o n c l u d e  a  g r o u n d  w a t e r  t r e a t y
w i th  Mex i co . A t  the  same t ime, ma in ta in ing  a  m in imum f low in  a  wa te r -shor t
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a r e a  i s  n o t  p e r c e i v e d  a s  a  v i a b l e  a l t e r n a t i v e . O f f i c i a l s  a r e  a l s o  c o n c e r n e d
wi th  good s t ream water  to  g ive  to  New Mex ico and Texas. F i n a l l y , t h e r e  i s
a n  o v e r r i d i n g  c o n c e r n  b y  f a r m e r s  w i t h  t h e  q u a n t i t y  o f  w a t e r  r a t h e r  t h a n  t h e
q u a l i t y  o f  t h a t  w a t e r . S h o r t a g e  o f  w a t e r  i s ,  t h u s ,  t h e  c r i t i c a l  e l e m e n t  i n
t h e  d i s c u s s i o n  o f  p r o p o s e d  a l t e r n a t i v e s .

In  conduc t ing  f ie ld  assessments  o f  p roposed so lu t ions ,  because  the  water
delivery systems are relatively well-developed, proposals for improvement
( s u c h  a s  a d d i t i o n a l  l i n i n g  o f  d i t c h e s  a n d  c a n a l s )  w e r e  n o t  e n t h u s i a s t i c a l l y
rece ived. A l l o c a t i o n s  o f  w a t e r  a r e  c o m p a r a t i v e l y  s m a l l ,  a v e r a g i n g  l e s s  t h a n
t h r e e  a c r e - f e e t  a n n u a l l y , s o  r e d u c t i o n s  a r e  n o t  f e a s i b l e . Inc reased pr ices
f o r  w a t e r  c o u l d  r e s u l t  i n  s o m e  c h a n g e  i n  t h e  c r o p s  i r r i g a t e d ,  b u t  u s e r s  d i d
n o t  p a r t i c u l a r l y  f a v o r  t h i s  a l t e r n a t i v e . S a l e  o f  p o r t i o n s  o r  a l l  o f  a n n u a l
a l l o t m e n t s  w e r e  c o n s i d e r e d  a  p o s s i b i l i t y . T h e r e  i s  p r e s e n t l y  s o m e  “ t r a d i n g ”
o f  w a t e r  a m o n g  d i s t r i c t  m e m b e r s  w h i c h  r e s u l t s  i n  i m p r o v e d  o r  m o r e  e f f i c i e n t
use. I t  w a s  d i f f i c u l t  t o  c o n c e i v e  o f  d e v e l o p m e n t a l  o r  m a n a g e r i a l  p o s s i b i l i -
t i e s  t h a t  w o u l d  s i g n i f i c a n t l y  i m p r o v e  t h e  q u a l i t y  o f  r e t u r n  f l o w s . Thus,
t h i s  V a l l e y  m a y  u s e f u l l y  b e  u s e d  t o  i l l u s t r a t e : a )  t h e  i n e v i t a b l e  d e g r a d a -
t i o n  o f  w a t e r  q u a l i t y  w h e n  i t  i s  u s e d  i n  i r r i g a t i o n ;  a n d  b )  t h e  c e n t r a l i t y
o f  emp loy ing  BMP’s  (bes t  management  p rac t i ces )  in  the  use  o f  land  and  wate r
i n  a g r i c u l t u r a l  p r o d u c t i o n .

G e n e r a l l y , th is case study has been found to be somewhat unique in com-
p a r i s o n  t o  o t h e r s  s t u d i e d  a n d  p o s s i b l y  i n  c o m p a r i s o n  t o  m a n y  o t h e r  i r r i g a t e d
areas . I n  t h i s  p o r t i o n  o f  t h e  R i o  G r a n d e  V a l l e y ,  f r o m  E l e p h a n t  B u t t e  R e s e r -
v o i r  t o  F o r t  Q u i t m a n ,  T e x a s ,  w a t e r  u s e  i n  a g r i c u l t u r e  i s  r e l a t i v e l y  e f f i c i e n t .
T h e  a n n u a l  a l l o c a t i o n  t o  i r r i g a t o r s  i s  2 . 5  t o  3 . 0  a c r e - f e e t  p e r  a c r e ,  s m a l l e r
t h a n  t h a t  o f  m o s t  i r r i g a t e d  a r e a s , a n d  w a t e r  i s  c o n s e r v a t i v e l y  u s e d . Though
improvements  a re  poss ib le , t r a n s p o r t  a n d  d i s t r i b u t i o n  f a c i l i t i e s  f u n c t i o n
r e a s o n a b l y  w e l l , i r r i g a t i o n  m e t h o d s  a r e  g e n e r a l l y  a p p r o p r i a t e  t o  c i r c u m s t a n c e s
a n d  w a t e r  i s  l o g i c a l l y  a l l o c a t e d  t o  h i g h e r  v a l u e  c r o p s . There  i s  a  p rob lem o f
q u a l i t y  o f  w a t e r  i n  t h e  r i v e r , a n d  i t  i s  l a r g e l y  a t t r i b u t a b l e  t o  r e t u r n  f l o w s
f r o m  i r r i g a t i o n . B u t  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  s a l t  i n  r e t u r n  f l o w s  a n d
i n  t h e  r i v e r  a r e  a  l a r g e l y  u n a v o i d a b l e  c o n s e q u e n c e  o f  i r r i g a t i o n . Given
s h o r t a g e s  o f  w a t e r , o p p o r t u n i t i e s  t o  a f f e c t  q u a l i t y  o f  r e t u r n  f l o w s  a r e  l i m -
i t e d  a n d  t h e  p o s s i b i l i t y  o f  s i g n i f i c a n t l y  a f f e c t i n g  q u a l i t y  o f  w a t e r  i n  t h e
r i v e r  i s  s m a l l .

P a r t  o f  S e c t i o n  2  o f  t h e  M i d d l e  R i o  G r a n d e  V a l l e y  a n a l y s i s  c o n t a i n s  q u i t e
a  n u m b e r  o f  s p e c i f i c  f i n d i n g s  c o n c e r n i n g  c a u s e s  o f  t h e  p r o b l e m ,  e x i s t i n g  m e c h -
anisms, p e r c e p t i o n s ,  l o c a l  p r a c t i c e s , s e n s i t i v i t y  t o  a l t e r n a t i v e s ,  e t c . Look-
i n g  f o r  m o r e  g e n e r a l  f i n d i n g s , t h e  f o l l o w i n g  b r i e f  r e m a r k s  u n d e r l i n e  f i n d i n g s
r e l e v a n t  t o  a  b r o a d e r  a s s e s s m e n t  a n d  e v a l u a t i o n  o f  i r r i g a t i o n  r e t u r n  f l o w
q u a l i t y  c o n t r o l  m e a s u r e s :

1. M e s i l l a  V a l l e y  i s  c h a r a c t e r i z e d  p r e d o m i n a n t l y  b y  s a l t  c o n c e n t r a t i o n
r a t h e r  t h a n  s a l t  p i c k u p  e f f e c t s , due  ma in ly  to  the  consumpt ive  use  o f
w a t e r . T h u s ,  t h i s  w a t e r  u s e  c o n t r i b u t e s  t o  s a l i n i t y  l e v e l s  g r e a t e r  t h a n
a c c e p t a b l e  i n  d r i n k i n g  s t a n d a r d s  f o r  b o t h  c i t i e s  o f  E l  P a s o  a n d  J u a r e z .

2. The  s tudy  a rea  i s  a lso  charac te r i zed  by  inc reas ing  compet ing  and
conflicting water demands, resu l t  o f  expand ing  u rban  demand in  E l  Paso
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and Juarez, a s  w e l l  a s  f r o m  p o t e n t i a l  a d d i t i o n a l  a g r i c u l t u r e .

3. T h e  s t a t e  o f  N e w  M e x i c o  h a s  t a k e n  t h e  s t a n d  t h a t  i r r i g a t i o n  r e t u r n
f l o w  q u a l i t y  i s  n o t  s u f f i c i e n t l y  s i g n i f i c a n t  t o  r e q u i r e  t h e  e m p l o y m e n t
of the NPDES permit  system.

4 .  T h e r e  d o e s  e x i s t  i n  t h e  a r e a  a  m a r k e t  s y s t e m  f o r  u s e  o f  w a t e r  w h i c h
d o e s  r e s u l t  i n  w a t e r  u s e  f o r  h i g h e r - v a l u e d  c r o p s .

5. I n  t h e  g e n e r a l  s t u d y  a r e a ,  m o s t  f a r m e r s  p e r c e i v e  t h a t  t h e y  a r e  d o i n g
t h e  b e s t  t h e y  c a n  a n d  t h e r e  a r e  n o  p a r t i c u l a r  n e w  i n c e n t i v e s  f o r  f u r t h e r
improvements  in  p resent  p rac t i ces . i f  t h e y  p e r c e i v e  t h e m s e l v e s  a s  d o i n g
the i r  bes t  under  the  c i rcumstances  (as  con t ras ted  to  Yak ima Va l ley  where
t h e r e  a r e  d i s a g r e e m e n t s  a s  t o  i r r i g a t i o n  m e t h o d s ) ,  t h e r e  a r e  n o  p a r t i c u -
l a r  g r o u p s  o r  p a r t i e s  i n  t h e  V a l l e y  t o  b e  b l a m e d  f o r  p o l l u t i o n  i n  t h e
s y s t e m  b e c a u s e  o f  i n e f f i c i e n t  p r a c t i c e s . I t  s h o u l d  b e  p o i n t e d  o u t  t h a t
t h e r e  a r e  s t i l l  p e o p l e  w h o  a l w a y s  c a n  f i n d  p a r t i e s  o r  “ o t h e r s ”  a t  f a u l t .
T h e  i m p o r t a n t  p o i n t  t o  b e  m a d e  h e r e  i s  t h a t ,  g i v e n  t h e  c i r c u m s t a n c e s  o f
t h e  V a l l e y  a n d  t h e  l i m i t e d  w a t e r  s u p p l y , t h e r e  s e e m s  t o  b e  l i t t l e  m a r g i n
f o r  s l a c k  o r  i n e f f i c i e n t  m e t h o d s  a n d  f o r  b l a m i n g  l a r g e  s e g m e n t s  o f  t h e
V a l l e y  f o r  c o n t r i b u t i n g  t o  p o l l u t i o n  d u e  t o  i n e f f i c i e n t  i r r i g a t i o n
methods.

6 .  S i n c e  m a n y  o f  t h e  q u e s t i o n s  o f  i r r i g a t i o n  r e t u r n  f l o w  q u a l i t y  c o n t r o l
s e e m  t o  b e  l o c a l i z e d  t o  t h e  e x t e n t  t h a t  t h e  p r o b l e m  i s  p e r c e i v e d  a s
ex i s t i ng  i n  Texas  and  no t  i n  New  Mex i co , t h e r e  i s  o b v i o u s l y  a  d i s p a r i t y
a s  t o  t h e  u r g e n c y , na tu re  and  fa r - reach ing  consequences  o f  the  p rob lem
f r o m  v a l l e y  t o  v a l l e y  i n  t h e  e n t i r e  s y s t e m .

7. T h e r e  s e e m s  t o  b e  a  f e a r  a n d  f r e e - f l o a t i n g  a n x i e t y  t h a t  t h e  S t a t e
D e p a r t m e n t  w i l l  p r o v i d e  g r o u n d  w a t e r  t o  t h e  R e p u b l i c  o f  M e x i c o .  U n d e r
such  c i rcumstances , water shortages may become more acute and contr ibute
i n  t h e  l o n g  r u n  t o  f u r t h e r  p o l l u t i o n  d u e  t o  t h e  l a c k  o f  d i l u t i o n . Given
t h e  l i m i t e d  w a t e r , a n y  w i t h d r a w a l  o r  a l t e r n a t e  u s e  c r e a t e s  o r  e x a c e r b a t e s
p r o b l e m s  i n  i r r i g a t e d  a g r i c u l t u r e . I t  s h o u l d  b e  n o t e d  t h a t  p r e s e n t l y
E l  P a s o  t a k e s  l i t t l e  w a t e r  f r o m  t h e  a r e a . Developments and increasing
demands  may  fo rce  w i thdrawa l  w i th  po ten t ia l  p rob lems on  i r r iga ted
a g r i c u l t u r e .

8 .  The  peop le  o f  E l  Paso  and  fu r ther  downs t ream in  the  sys tem ques t ion
t h e  n a t u r e  o r  s i g n i f i c a n c e  o f  i r r i g a t i o n  r e t u r n  f l o w ,  s i n c e  v i r t u a l l y  n o
w a t e r  i s  l e f t  i n  t h e  r i v e r  t o  c r e a t e  t h e  t y p e  o f  p r o b l e m s  t h a t  a r e  n o r m -
a l l y  a s s o c i a t e d  w i t h  h e a v i l y  i r r i g a t e d  a r e a s . T h i s  p o i n t s  o u t  t h a t
g i v e n  t h e  h i g h  u r b a n i z a t i o n  t r e n d s  a n d  t h e  t r a n s f o r m a t i o n  o f  t h e  c h a r a c -
t e r  o f  t h e  r e g i o n , t h e r e  i s  a  d i s p a r i t y  i n  p e r c e p t i o n s  b e t w e e n  w h a t
o t h e r w i s e  a r e  a g r i c u l t u r a l  i n t e r e s t s  a n d  t h e  e m e r g i n g  a n d  s t r o n g  m u n i c i -
pa l  and  indus t r ia l  demands . T h e s e  i n  t u r n  c o n t r i b u t e  t o  a  l e s s e n i n g
o f  t h e  u r g e n c y  o f  i r r i g a t i o n  r e t u r n  f l o w  a s  a  d o m i n a n t  a n d  c e r t a i n l y
u rgen t  p rob lem in  the  a rea .

9. F i n a l l y , w h i l e  l o c a l i z a t i o n  o f  p r o b l e m  p e r c e p t i o n  m a y  b e  t r u e ,  i t  i s
a l s o  e q u a l l y  t r u e  t h a t  s t r o n g  r e g i o n a l  o r i e n t a t i o n  i s  e v i d e n c e d  b y  t h e
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v i a b i l i t y  o f  s u c h  a n  o r g a n i z a t i o n  a s  t h e  R i o  G r a n d e  R e g i o n a l  E n v i r o n m e n t -
a l  P r o j e c t . I t  s h o u l d  b e  n o t e d  t h a t  t h i s  p a r t i c u l a r  c o n c l u s i o n  r e f l e c t s
m o s t l y  t h e  t h i n k i n g  o f  t h e  l e a d e r s h i p  i n  t h e  a r e a  r a t h e r  t h a n  t h e  o p i n -
i o n s  o f  i n d i v i d u a l  u s e r s .

I I I . G r a n d  V a l l e y  ( T a b l e  8 ) - -
G r a n d  V a l l e y  i s  b a s i c a l l y  r u r a l  i n  n a t u r e ,  w i t h  m o d e s t  u r b a n i z a t i o n ,

e s s e n t i a l l y  t h e  c i t y  o f  G r a n d  J u n c t i o n ,  w h i c h  i s  n e a r  t h e  c e n t e r  o f  t h e
V a l l e y . Grand Junc t ion ’s  popu la t ion  has  g rown by  52 .6  percen t  in  the  decade
from 1960-1970. Fur ther  g rowth  w i l l  be  de te rmined  by  tour i sm and  energy
development. T h e  r e s t  o f  t h e  V a l l e y  h a s  g r o w n  v e r y  s l o w l y .  T h e r e  a r e  a
p redominan t  number  o f  fami l y  fa rms  w i th  few co rpora te  fa rms . The  l a rge r
fa rms  occupy  the  wes te rn  end  o f  the  Va l ley  and  the  sma l le r  fa rms  the  eas te rn
p a r t . T h e r e  i s  a  h i g h  r u r a l  n o n f a r m  p o p u l a t i o n .

R e g a r d i n g  i r r i g a t i o n , t h e r e  e x i s t s  a  f e d e r a l  p r o j e c t  t h a t  i s  c o n c e n t r a t -
i n g  i t s  e f f o r t s  o n  s a l i n i t y  c o n t r o l ; The Co lo rado R iver  Bas in  Sa l in i t y  Con-
t r o l  P r o j e c t . W i t h  f e d e r a l  a g e n c i e s , such as the Bureau of  Reclamat ion and
t h e  S o i l  C o n s e r v a t i o n  S e r v i c e ;  s t a t e  a g e n c i e s , a n d  l o c a l  e n t i t i e s  i n v o l v e d  i n
i m p r o v i n g  t h e  i r r i g a t i o n  s y s t e m  a n d  o n - f a r m  m a n a g e m e n t  p r a c t i c e s ,  t h e  r e s i -
den ts  o f  the  Va l ley  have  been exposed to  some concer ted  e f fo r t  to  improve
w a t e r  q u a l i t y .

T h e  s a l t  l o a d  c o n t r i b u t i o n  f r o m  G r a n d  V a l l e y  i s  t h e  r e s u l t  o f  s a l i n e
s u b s u r f a c e  i r r i g a t i o n  r e t u r n  f l o w s  r e a c h i n g  t h e  C o l o r a d o  R i v e r . T h e  a l l u v i a l
s o i l s  o f  G r a n d  V a l l e y  a r e  h i g h  i n  n a t u r a l  s a l t s ;  h o w e v e r ,  t h e  m o s t  s i g n i f i -
c a n t  s a l t  s o u r c e  i s  t h e  M a n c o s  s h a l e  f o r m a t i o n  u n d e r l y i n g  t h e s e  a l l u v i a l
s o i l s  w h i c h  c o n t a i n  c r y s t a l l i n e  l e n s e s  o f  s a l t  w h i c h  a r e  r e a d i l y  d i s s o l v e d
b y  t h e  s u b s u r f a c e  r e t u r n  f l o w s . A d d e d  t o  t h i s  g e o l o g i c  s e t t i n g  i s  a n  i r r i g a -
t i o n  w a t e r  s u p p l y  w h i c h  o n  t h e  a v e r a g e  i s  a t  l e a s t  t h r e e  t i m e s  g r e a t e r  t h a n
the  c rop  wate r  requ i rements . A l t h o u g h  m u c h  o f  t h i s  e x c e s s  w a t e r  r e t u r n s  t o
o p e n  d r a i n s  a s  s u r f a c e  r u n o f f , w h i c h  h a s  n e g l i g i b l e  i m p a c t  u p o n  t h e  s a l i n i t y
i n  t h e  C o l o r a d o  R i v e r , t h e r e  a r e  s t i l l  s i g n i f i c a n t  q u a n t i t i e s  o f  w a t e r  t h a t
reach  the  under ly ing  Mancos  sha le  fo rmat ion . These  subsur face  re tu rn  f l ows
a r e  t h e  r e s u l t  o f  s e e p a g e  l o s s e s  f r o m  c a n a l s  a n d  l a t e r a l s ,  a n d  e x c e s s i v e
d e e p  p e r c o l a t i o n  l o s s e s  f r o m  o v e r i r r i g a t i o n  o f  t h e  c r o p l a n d s .  T h e  e x c e s s i v e
i r r i g a t i o n  w a t e r  s u p p l i e s  a r e  t h e  r e s u l t  o f  e a r l y  i r r i g a t i o n  s y s t e m  d e v e l o p -
m e n t  i n  1 8 8 2 ,  w h i c h  r e s u l t e d  i n  t h e  G r a n d  V a l l e y  I r r i g a t i o n  C o m p a n y  o b t a i n i n g
t h e  f i r s t  r i g h t  t o  w a t e r  o n  t h e  C o l o r a d o  R i v e r  i n  t h e  s t a t e  o f  C o l o r a d o .

T h e  i r r i g a t i o n  c o m p a n i e s  g e n e r a l l y  t e r m i n a t e  t h e i r  r e s p o n s i b i l i t y  t o  t h e
i r r i g a t o r s  a t  t h e  t u r n o u t  g a t e s  a l o n g  t h e  c a n a l s  w h i c h  d i s c h a r g e  w a t e r  i n t o
t h e  l a t e r a l s . T h e  w a t e r  u s e r s  u n d e r  e a c h  l a t e r a l  a r e  o n l y  i n f o r m a l l y  o r g a n -
i z e d , a n d  t h e y  l a c k  f l o w  m e a s u r i n g  d e v i c e s  w h i c h  g r e a t l y  h i n d e r s  t h e i r  a b i l -
i t y  t o  e q u i t a b l y  d i s t r i b u t e  t h e  w a t e r s . T h e  c o m b i n a t i o n  o f  g e o l o g i c  s e t t i n g ,
e a r l y  w a t e r  r i g h t s  t h a t  y i e l d  a b u n d a n t  i r r i g a t i o n  w a t e r  s u p p l i e s ,  l a c k  o f
r e s p o n s i b i l i t y  o f  i r r i g a t i o n  c o m p a n i e s  t o  i n d i v i d u a l  w a t e r  u s e r s ,  t h e  a l m o s t
comp le te  absence  o f  f l ow measur ing  dev ices  a long  the  la te ra ls ,  and  the  low
a n n u a l  c h a r g e s  f o r  i r r i g a t i o n  w a t e r  a l l  c o n t r i b u t e  t o  t h e  s a l i n i t y  p r o b l e m .
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TABLE 8. GRAND VALLEY EXECUTIVE SUMMARY.

THE STUDY AREA

The most significant salt source in the Colorado River Basin resulting from irrigated agriculture is
the Grand Valley in west central Colorado. The Colorado River enters the Grand Valley from the east, is
joined by the Gunnison River at the city of Grand Junction, and then exits in the west. Grand Junction
is the largest city in the Upper Colorado River Basin and is a major trade center.
Grand Valley is about 55,000.

The population of

high temperatures..
The area has a favorable summer climate for agricultural production with

Annual rainfall is only 8 inches, but there is a very plentiful irrigation water
supply for 70,000 acres of irrigated Sand.

I THE PROBLEM

The most serious problems resulting from the saline irrigation return flows of Grand Valley are
experienced in the Lower Colorado River Basin. Increasing salinity concentrations are threatening the
utility of water resources in the downstream areas of Arizona, California and the Republic of Mexico.
Detriments to agricultural water users are primarily being encountered in Imperial and Mexicali Valleys,
while the primary urban detriments are occurring in Los Angeles and San Diego. Recent estimates show
downstream damages (excluding the Republic of Mexico) at $53 million annually, which is projected to be
$124 million annually by the year 2000.

The primary local problem resulting from poor irrigation practices is reduced crop yields or aban-
donment of approximately 30,000 acres. Agricultural land use surveys have shown salt-affected soils,
abandoned irrigated Lands resulting from soil salinization,
being used for pasture because of high ground water levels,

and once productive agricultural Lands now
which in turn causes such nuisance problems

as sewer infiltration, basement flooding, and localized swamps which lead to public health problems
associated with the production of mosquitoes.

The salt load added to the Colorado River as it passes through the Grand Valley is the result of sub-
surface irrigation return flows which take into solution the natural salts in the alluvial soils and under-
Lying Mancos shale formation. Subsurface return flows entering the near-surface ground water aquifers in
Grand Valley displace highly mineralized water from these aquifers into the Colorado River. The average
salinity of these subsurface return flows is approximately 8700 mg/l, which results in a salt pickup rate
of 10-12 tons per acre annually.

The key to achieving a reduction in salt loading is to lower the ground water levels, which will
result in Less displacement of water from the aquifer into the Colorado River. The most effective
means for lowering ground water levels is to reduce the source of ground water flows. The sources of
these subsurface return flows are canal seepage, lateral seepage, and deep percolation Losses result-
ing from overirrigation. Together, deep percolation and lateral seepage contribute 82 percent of the
ground water flows.

The most important element in reducing the salt contribution to the Colorado River from Grand
Valley is improved on-farm water management. The predominant method of irrigating is furrow irrigation.
Thus, it becomes highly important that present furrow irrigation practices be modified in order to re-
duce the deep percolation losses that are presently reaching the shallow ground water aquifers.

Improved water application practices and scheduling of irrigation applications would allow a reduc-
tion in the amount of water delivered to the fan. Irrigation scheduling allows the optimum quantities
of water to be applied at the optimum time intervals in order to conserve water and maximize economic
returns to the fanner. Although the primary emphasis should be “tuning up” present irrigation practices,
the use of more advanced irrigation application methods such as sprinkler irrigation and trickle
irrigation should be encouraged.

The lining of laterals, or conversion to pipelines, would not only reduce seepage and consequently
subsurface return flows, but would also be highly beneficial in conjunction with the addition of flow,
measuring devices in providing additional water control. The employment of lateral lining, or pipe-
lines, along with flow measuring devices, would provide a significantly increased potential for improv-
ing farm irrigation application efficiencies, thereby reducing deep percolation Losses.

After considerable effort in cutting off the problem at its source, then the requirements for drain-
age will be more nearly minimized. Then, tile drainage can be used as an effective means for removing
(skimming) the less saline waters in the upper portions of the ground water aquifer, thereby reducing the
volume of salts returning to the Colorado River. Tile drainage has the advantage of serving as a collec-
tion system for such saline return flows, which can then be transported to a central desalination plant,
where salts could be removed.

A salinity program in Grand Valley means reducing the annual volume of diversions from the Colorado
River into the canals. The primary question becomes, ‘What happens to the reduced diversion requirement?”

This becomes a legal question.
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T h e  r a n g e  o f  t e c h n o l o g i c a l  a n d  i n s t i t u t i o n a l  a l t e r n a t i v e s  f o r  G r a n d
Va l ley  have  a l ready  been summar ized  in  Tab le  3  and  d iscussed  in  de ta i l  i n  the
a p p r o p r i a t e  s e c t i o n  o f  t h e  v o l u m e s  o f  t h e  c a s e  s t u d y  r e p o r t . T h e  c r i t i c a l
i n s t i t u t i o n a l i z e d  p a t t e r n  i n  t h e  V a l l e y  i s  t h a t  a  p r o g r a m  f o r  s a l i n i t y  c o n -
t r o l  h a s  b e e n  e s t a b l i s h e d  a n d  d i f f e r e n t  a g e n c i e s  a r e  a l r e a d y  a t  w o r k  o n  s y s -
tem rehab i l i t a t i on  and  on- fa rm management  p rocedures . S t i l l ,  t h e  i r r i g a t i o n
c o m p a n i e s  v i e w  t h e i r  a u t h o r i t y  a s  e x t e n d i n g  o n l y  t o  t h e  h e a d g a t e - a n d  t h e y
w i l l  n o t  v e n t u r e  f u r t h e r  i n  t h e  a d m i n i s t r a t i o n  o f  t h e  w a t e r  o n  t h e  f a r m .
T h e r e  i s  a n  e x p r e s s e d  c o n c e r n  t h a t  t h e  l a t e r a l s  s h o u l d  e s t a b l i s h  t h e i r  o w n
u s e r  o r g a n i z a t i o n  t o  m a n a g e  t h o s e  l a t e r a l s .

C r i t i c a l  c o m m u n i c a t i o n  p a r a m e t e r s  a f f e c t i n g  t h i s  a r e n a  a r e  t w o f o l d .
F i r s t , t h e  r e l a t i o n s h i p  b e t w e e n  t h e  f a r m e r s  a n d  t h e  S C S  i s  n o t  v e r y  p o s i t i v e .
Second, t h e r e  i s  s t i l l  a  q u e s t i o n  i n  m a n y  p e o p l e ’ s  m i n d s  a s  t o  w h a t  e x a c t l y
c o n s t i t u t e s  p o l l u t i o n . T h i s  l a s t  q u e s t i o n  l e a d s  u s  t o  t h e  i n d i v i d u a l  c o n d i -
t i o n s . There  a re  two  b road  a reas  o f  concern , t h a t  o f  b e l i e f s  a n d  o f  p e r c e p -
t i o n s . The  sa l in i t y  p rob lem is  perce ived  as  an  age-o ld  p rob lem and  the  p re -
s e n t  c r i s i s  a t m o s p h e r e  i s  l o o k e d  u p o n  w i t h  a  q u e s t i o n i n g  e y e . In  fac t ,  many
peop le  ask  why  shou ld  res iden ts  o f  Grand  Va l ley  pay  the  cos ts  fo r  p rob lems
tha t  a re  hundreds  o f  m i les  away . W a t e r  i s  s e e n  a s  p l e n t i f u l  i n  t h e  V a l l e y
wi th  the  p rob lem users  be ing  the  new suburban i tes . Final ly ,  water management
i s  n o t  s e e n  t o  b e  a s  c r u c i a l  t o  t h e  p r o b l e m  a s  m a n y  “ e x p e r t s ”  l i k e  t o  b e l i e v e .
T h e s e  p e r c e p t i o n s  a r e  b a c k e d  u p  b y  a  f e w  c r i t i c a l  b e l i e f s .  T h e r e  i s  a  p r e -
v a i l i n g  b e l i e f  t h a t  t h e  p r o f e s s i o n a l  f a r m e r  d o e s  k n o w  h o w  t o  m a n a g e  h i s
w a t e r . T h e  n e w e r  f a r m e r s  w i l l  a d o p t  n e w  m e t h o d s ,  b u t  i t  w i l l  b e  e x t r e m e l y
d i f f i c u l t  f o r  t h e  o l d e r  f a r m e r s  t o  c h a n g e . Transmounta in  d ivers ions  a re  be-
l i e v e d  t o  b e  a  c a u s e  o f  m a n y  o f  t h e  s a l i n i t y  p r o b l e m s .  O f f i c i a l s  b e l i e v e
t h a t  i f  t h e  w a t e r  q u a l i t y  i s  t o  i m p r o v e , t h e  p h y s i c a l  s t r u c t u r e s  m u s t  f i r s t
be improved, then  the  be t te r  on - fa rm management  w i l l  ensue .

G e n e r a l l y ,  w h i l e  t h e r e  i s  s t i l l  a  q u e s t i o n  a s  t o  t h e  n a t u r a l  p o l l u t i o n
l e v e l  o f  t h e  r i v e r , t h e  f o c u s  o f  a t t e n t i o n  h a s  b e e n  o n  t h e  “ a g e - o l d ”  s a l i n i t y
p r o b l e m  a n d  t o  t h e  q u a n t i t y  o f  w a t e r  a v a i l a b l e  t o  t h e  f a r m e r . To a much
l e s s e r  e x t e n t , w a t e r  m a n a g e m e n t  i s  s e e n  a s  a  c r i t i c a l  a s p e c t  o f  t h i s  s i t u a -
t i o n . T h i s  r e i n f o r c e s  t h e  b e l i e f  t h a t  t h e  p r o f e s s i o n a l  f a r m e r  d o e s  k n o w
how to manage the water; t h e  r e a l  c u l p r i t  i s  t h e  t r a n s m o u n t a i n  d i v e r s i o n  t o
Denver. P r i o r i t y  i n  i m p r o v e m e n t s  s h o u l d  g o  t o  s y s t e m  r e h a b i l i t a t i o n  a n d
then  on - fa rm management  w i l l  f o l l ow .

O n e  o f  t h e  m o s t  c o s t - e f f e c t i v e  t e c h n o l o g i e s  f o r  r e d u c i n g  t h e  s a l t  l o a d
f rom Grand  Va l ley  i s  a  comb ina t ion  o f  l a te ra l  l i n ing  and  on- fa rm improvements .
F a r m e r  p a r t i c i p a t i o n  i n  s u c h  a  p r o g r a m  i s  v e r y  i m p o r t a n t . T h e  r e t i r e m e n t  o f
some c rop lands  wh ich  a re  re la t i ve ly  unproduc t i ve  shou ld  a lso  be  cons idered .
T h e  i m p l e m e n t a t i o n  o f  s u c h  a  p r o g r a m  w i l l  r e s u l t  i n  e x c e s s  w a t e r  b e i n g  a v a i l -
a b l e  f o r  r e n t  o r  s a l e  t o  w a t e r  u s e r s  u p s t r e a m  f r o m  G r a n d  V a l l e y . Sa le  o f
p o r t i o n s  o f  a n n u a l  a l l o t m e n t s  w o u l d  c a u s e  p r i c e s  o f  w a t e r  t o  r i s e  b e y o n d
d i v e r s i o n  a n d  d i s t r i b u t i o n  c o s t s  a n d  t o  m o r e  e f f i c i e n t  u s e  o f  w a t e r  i n  a g r i -
c u l t u r a l  p r o d u c t i o n . When app l i ca t ions  o f  wa te r  to  c rops  a re  reduced  to
l e v e l s  w h i c h  a p p r o x i m a t e  r e q u i r e m e n t s  f o r  g r o w t h ,  r e t u r n  f l o w s  w i l l  b e
d i m i n i s h e d  a n d  t h e  s a l i n i t y  p r o b l e m  r e d u c e d .
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A  n u m b e r  o f  o t h e r  c o n c l u s i o n s  r e i n f o r c e  t h e  t h e m e  o f  i n s t i t u t i o n a l  a l t e r -
n a t i v e s  i n  c o n t r o l l i n g  i r r i g a t i o n  r e t u r n  f l o w . For example, the development
o f  s t a n d a r d s  a n d  c r i t e r i a  f o r  b e n e f i c i a l  u s e  o f  i r r i g a t i o n  w a t e r  i n  G r a n d
V a l l e y  w o u l d  e n c o u r a g e  o r  r e q u i r e   l i m i t a t i o n  o f  a p p l i c a t i o n s  o f  w a t e r  t o
approx imate  the  consumpt ive  use  by  c rops . Deep perco la t ion  o f  excess  water
and  sa l ine  re tu rn  f lows  wou ld  be  cor respond ing ly  reduced . Farmers on the
l a t e r a l s  s h o u l d  o r g a n i z e  i n t o  m i n i c o m p a n i e s  t o  i m p r o v e  t h e  d e l i v e r y  e f f i c i -
e n c i e s  a n d  u n d e r t a k e  m o r e  t h a n  m e r e  d i s t r i b u t i o n  o f  w a t e r  a s  i t  i s  d e l i v e r e d
to them. F i n a l l y ,  p o t e n t i a l  s t a t e  l e g i s l a t i o n  a u t h o r i z i n g  t h e  i r r i g a t i o n
c o m p a n i e s  i n  G r a n d  V a l l e y  t o  r e n t  o r  s e l l  t h e  e x c e s s  w a t e r  r e s u l t i n g  f r o m
s u c h  a  s a l i n i t y  c o n t r o l  p r o g r a m  c o u l d  b e  u s e d  t o  l i n e  t h e  c a n a l s  o r  t o
implement other water  management technologies.

IV. The  San  Joaqu in  Va l ley  (Tab le  9 ) - -
On ly  se lec ted  remarks  can  be  made abou t  th i s  a rea ,  s ince  no  in -dep th

study was undertaken. T h e  p o i n t s  t h a t  f o l l o w  a r e  d i s t i l l a t i o n s  o f  r e m a r k s
f r o m  t h e  e x i s t i n g  l i t e r a t u r e  a n d  f r o m  a  r e c o n n a i s s a n c e  f i e l d  t r i p  u n d e r t a k e n
b y  m e m b e r s  o f  t h e  i n t e r d i s c i p l i n a r y  t e a m .  B y  n e c e s s i t y ,  m o s t  o f  t h e  d i s c u s -
s i o n  i s  d e s c r i p t i v e  a n d  w i t h  t h e  “ s o l u t i o n s ” i n d i c a t e d  b e i n g  o n l y  p a r t  o f
t h e  p h a s e  o f  g e n e r a t i n g  a l t e r n a t i v e s .

T h e  S a n  J o a q u i n  V a l l e y  i n c l u d e s  r o u g h l y  t h e  s o u t h e r n  t w o - t h i r d s  o f  t h e
C e n t r a l  V a l l e y  o f  C a l i f o r n i a . T h e  V a l l e y  i s  a  b r o a d  s t r u c t u r a l  t r o u g h  s u r -
rounded on three s ides by mountains and separated f rom the Sacramento
Val ley to the north by the combined del tas of  the Sacramento and San Joaquin
R i ve rs . T h e  V a l l e y  h a s  a  t o t a l  a r e a  o f  3 2 , 4 6 4  s q u a r e  m i l e s .  T h e  V a l l e y
f l o o r  i s  2 5 0  m i l e s  l o n g ,  2 5  t o  5 5  m i l e s  w i d e , and  has  an  a rea  o f  8  m i l l i on
acres  (12 ,500  square  m i les ) .

T h e  V a l l e y  f l o o r  r i s e s  g e n t l y  f r o m  s e a  l e v e l  a t  t h e  n o r t h e r n  e n d  t o  5 0 0
f e e t  a b o v e  s e a  l e v e l  a t  t h e  s o u t h e r n  e n d . A low d iv ide  wh ich ex tends across
the  Va l ley  f loor  be tween the  San Joaqu in  and  K ings  R ivers  separa tes  the
V a l l e y  i n t o  i t s t w o  m a j o r  h y d r o l o g i c  b a s i n s - - the  Tu la re  Lake  Bas in  in  the
south  and the  San Joaqu in  R iver  Bas in  in  the  nor th . The Tulare Lake Basin
i s  a  c l o s e d  b a s i n  ( a l t h o u g h  p r i o r  t o  d e v e l o p m e n t  i t  o f t e n  o v e r f l o w e d  i n t o  t h e
San Joaqu in  Bas in )  d ra ined  pr inc ipa l l y  by  Kern ,  Tu le ,  Kawaeh,  and  K ing ’s
R i ve rs . The San Joaqu in  Bas in  i s  d ra ined by  the  San Joaqu in  R iver  and i t s
t r i b u t a r i e s ,  p r i n c i p a l l y  t h e  M e r c e d , T u o l u m n e  a n d  S t a n i s t a u s  R i v e r s ,  a l l  o f
w h i c h  r i s e  i n  t h e  S i e r r a  N e v a d a s  t o  t h e  e a s t . Mean seasona l  ra in fa l l  on  the
V a l l e y  f l o o r  r a n g e s  f r o m  6 . 5  t o  1 4  i n c h e s , w i t h  9 0  p e r c e n t  o c c u r r i n g  f r o m
N o v e m b e r  t o  A p r i l ,  i n c l u s i v e . The summers are hot  and dry,  wi th temperatures
as high as 110oF recorded.

A g r i c u l t u r e  i s  t h e  d o m i n a n t  e c o n o m i c  a c t i v i t y  o f  t h e  V a l l e y ,  w i t h  a p p r o x -
i m a t e l y  4  m i l l i o n  a c r e s  o f  l a n d  i r r i g a t e d . The  g ross  income f rom agr i cu l tu ra l
p r o d u c t i o n  w a s  $ 3 . 6  b i l l i o n  i n  1 9 7 3  i n  t h e  e i g h t  v a l l e y  f l o o r  c o u n t i e s - -
a l m o s t  h a l f  o f  t h e  s t a t e w i d e  t o t a l  o f  $ 7 . 5  b i l l i o n . As  i r r iga ted  deve lopment
progressed on  the  wes tern  s ide  o f  the  San Joaqu in  R iver  Bas in ,  the  lower -
l y i n g  a r e a s  w e r e  i r r i g a t e d  f i r s t  b y  g r a v i t y  d i v e r s i o n s  f r o m  t h e  r i v e r .
Ex tens ion  o f  i r r iga t ion  in to  the  h igher  a reas  depended on  pumped ground water
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TABLE 9. SAN JOAQUIN VALLEY EXECUTIVE SUMMARY.

I
THE STUDY AREA

-  Occupies the southern two-thirds of  the Central  Valley of  Cali fornia.

-  Watershed area is  32,464 square mites .

-  Area of  the Valley f loor is  12,500 square miles (8 mil l ion acres)  (250 miles long,  25 to 55 miles wide).

-  A r e a  i r r i g a t e d  i s  4  m i l l i o n  a c r e s .

-  E l e v a t i o n - - s e a  l e v e l  t o  5 0 0  f e e t .

-  Two hydrologic basins within the valley:

. Tulare Lake Basin (closed basin in the south).

. San Joaquin River Basin (drained by San Joaquin River in the north).

-  Rainfal l  on the Valley f loor is  6.5 to 14 inches annually ,  with hot ,  dry summers.

-  The study area provides almost  hal f  of  Cali fornia’s  agricul tural  income.

THE PROBLEM

- Tulare Lake Basin--no natural  drainage outlet  means that  al l  sal ts  in  the water supply remain in the
soil  and waters. Accumulat ion is  af fect ing agricul tural  production.

-  San Joaquin River Basin--high water tables  and accumulat ion of  sal ts  in  the soi l  prof i le  necessi tate
agricul tural  drainage. The disposal  of  the drainage ef f luent  wil l  cause future water quali ty  problems
in the San Joaquin River and potent ial ly  San Francisco Bay. Even now, return f lows degrade the quali ty .

ALTERNATIVE SOLUTIONS

- Current ly  proposed by part ic ipat ing agencies:

. A master drain through the length of the Valley, conveying drainage effluent to the Sacramento-
San Joaquin Delta.

-  O t h e r  a l t e r n a t i v e s  f o r  d i s p o s a l  o f  d r a i n a g e  e f f l u e n t :

. Use for: i n d u s t r i a l  c o o l a n t
marsh management
s a l t  t o l e r a n t  a g r i c u l t u r a l  c r o p s
a g r i c u l t u r a l  o r g a n i s m s  ( f i s h ,  e t c . )
growing algae for  poultry  and l ivestock feed
sea-water repulsion in the Delta
o i l  f i e l d  r e p r e s s u r i z a t i o n

. Or, desalt or evaporate.

-  Bet ter  on-farm water management  pract ices  would reduce the volume of  drainage ef f luent  to  be handled.
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and on  sys tems o f  re l i f t  pumps and  cana ls  tha t  conveyed wate r  d ive r ted  f rom
the  San Joaqu in  R iver  (see  S ta tus  o f  San  Joaqu in  Dra inage Prob lems,  1974) .

T h e  e x p a n s i o n  o f  i r r i g a t i o n  i n  t h e  S a n  J o a q u i n  V a l l e y  h a s  b r o u g h t  w i t h
i t  w a t e r  q u a l i t y  p r o b l e m s . E a r l y  a g r i c u l t u r e  t h e r e  r e l i e d  m a i n l y  o n  r i v e r
d i v e r s i o n s  f o r  i r r i g a t i o n , c r e a t i n g  s a l t  b a l a n c e  a n d  d r a i n a g e  p r o b l e m s  i n
t h e  1 8 9 0 ' s  a n d  e a r l y  1 9 0 0 ’ s  t h a t  f o r c e d  s i z e a b l e  a r e a s  o u t  o f  p r o d u c t i o n .
T h e  u s e  o f  w e l l s ,  w h i c h  l o w e r e d  t h e  w a t e r  t a b l e ,  a l o n g  w i t h  i m p r o v e d  d r a i n -
a g e  a n d  o t h e r  e f f o r t s , pe rm i t ted  rec lamat ion  o f  mos t  o f  the  land  damaged  a t
t h a t  t i m e .

In  the  San Joaqu in  Va l ley , a l m o s t  9 5  p e r c e n t  o f  t h e  w a t e r  d i v e r t e d  f r o m
st reams and  pumped f rom the  g round  i s  used  fo r  i r r i ga t ion  on ly . T h e  V a l l e y ’ s
a g r i c u l t u r a l  w a s t e  w a t e r s  c o n t a i n  s a l t s ,  p e s t i c i d e s  a n d  n u t r i e n t s . Over the
y e a r s , t h e  d r a i n a g e  w a t e r ’ s  s a l t  c o n c e n t r a t i o n  i s  r e p o r t e d  t o  r a n g e  b e t w e e n
2 , 0 0 0  a n d  1 0 , 0 0 0  p a r t s  p e r  m i l l i o n , w i t h  a n  o v e r a l l  a v e r a g e  o f  4 , 0 0 0  t o  5 , 0 0 0
p a r t s  p e r  m i l l i o n . I t  i s  f u r t h e r  r e p o r t e d  t h a t  a b o u t  1 . 7  m i l l i o n  a c r e s ,
w h i c h  a c c o u n t s  f o r  a b o u t  2 5  p e r c e n t  o f  t h e  i r r i g a b l e  l a n d ,  i s  p o t e n t i a l l y
s a l i n e ; o f  t h e s e , a b o u t  1 . 2  m i l l i o n  a c r e s  a r e  i r r i g a t e d .

S a l i n i t y  p r o b l e m s  i n  t h e  V a l l e y  a r e  c h a r a c t e r i z e d  b y  t h e  f o l l o w i n g  c o n -
d i t i o n s : a )  t h e  c o n d i t i o n  t h a t  e x i s t s  a s  a  r e s u l t  o f  r e s t r i c t e d  m o v e m e n t s  o f
excess waters , e i t h e r  b e c a u s e  o f  a  r e s t r i c t i n g  s o i l  l a y e r  o r  a  h i g h e r  w a t e r
t a b l e  o f  p o o r  q u a l i t y ;  b )  d u e  t o  t h e  a b o v e , average  amounts  o f  so lub le  sa l t s
i n  t h e  s o i l s  a r e  a b o v e  t h e  r e s t r i c t i o n ; and c) the availability of a full and
a d e q u a t e  w a t e r  s u p p l y  f o r  i r r i g a t i o n . The sal t  management problem in the
t w o  b a s i n s  o f  t h e  V a l l e y  a r e  d i f f e r e n t . The  sou thern  Tu la re  Bas in  i s  a
h y d r o l o g i c a l l y  c l o s e d  b a s i n . T h e r e  i s  n o  s i n k  f o r  t h e  d r a i n a g e  o u t f l o w ,
t h e r e f o r e , t h e  r e s i d u a l  s a l t s  a c c u m u l a t e  i n  t h e  b a s i n . The  po in t  sources
i n c l u d e  a g r i c u l t u r a l  r e t u r n  f l o w s  a n d  d i s c h a r g e s  f r o m  t i l e  d r a i n s . Essen-
t i a l l y , a l l  o f  t h e  n e w  s a l t s  r e m a i n  i n  t h e  s o i l  a n d  w a t e r s  o f  t h e  b a s i n .
T h e  p r o b l e m  i s  t h e r e f o r e  s a l t  i m b a l a n c e  i n  t h e  a g r i c u l t u r a l  w a t e r s - - a  p h e n o m -
e n o n  t h a t  r e s u l t s  w h e n  t h e  i n p u t  o f  s a l t s  c o n t i n u e s  t o  i n c r e a s e  o v e r  t h e
o u t p u t ,  i . e . , d ra inage water  in  the  Tu la re  Lake  Bas in . On the other hand,
the  p rob lem o f  the  San  Joaqu in  R iver  Bas in  i s  no t  one  o f  sa l t  accumula t ion
w i t h i n  t h e  b a s i n ,  b u t  r a t h e r  a  s a l t  l e v e l  p r o b l e m  i n  t h e  m a i n  s t e m  o f  t h e
San Joaqu in  R iver . T h e  s a l t  l e v e l  p r o b l e m  r e f e r s  t o  t h e  c o n c e n t r a t i o n  o f
s a l t s  d i s s o l v e d  i n  t h e  a g r i c u l t u r a l  w a t e r  i n  t h e  v a r i o u s  p a r t s  o f  t h e  b a s i n .
T a b u l a t i o n s  o f  c o n c e n t r a t i o n  l e v e l s  s h o w  t h a t  t h e  a n n u a l  c o n t r i b u t i o n  o f  t h e
S a n  J o a q u i n  R i v e r  B a s i n  i s  1 . 5  m i l l i o n  t o n s  o f  s a l t . I t  i s  r e p o r t e d  t h a t
t h e  j o i n t  c o n t r i b u t i o n  o f  s a l t  l o a d  f r o m  S a n  J o a q u i n  R i v e r  B a s i n  a n d  t h e
a g r i c u l t u r a l  d r a i n a g e  w a t e r  ( w i t h  a  t o t a l  a v e r a g e  a n n u a l  o u t f l o w  o f  2 . 3
m i l l i o n  a c r e - f e e t )  i s  2 . 4  m i l l i o n  t o n s  o f  s a l t s .

T h e  a m o u n t  o f  r a i n f a l l  a f f e c t s  t h e  s a l i n i t y  l e v e l . In  years  o f  no rma l
a n d  a b o v e  n o r m a l  r a i n f a l l , t h e  q u a l i t y  o f  w a t e r  i n  t h e  m a i n  s t e m  o f  t h e  r i v e r
i s  a d e q u a t e  f o r  t h e  c r o p s  b e i n g  i r r i g a t e d ; b u t  i n  d r y  a n d  c r i t i c a l l y  d r y
y e a r s , t h e  q u a l i t y  d e g r a d e s  t o  t h e  p o i n t  w h e r e  t h e  r i v e r  w a t e r  c a n n o t  b e
used for  some crops. T h e  d e t e r i o r a t i o n  o f  w a t e r  q u a l i t y  i s  a l s o  d u e  t o  t h e
n i t r o g e n  c o n t e n t  i n  t h e  i r r i g a t i o n  w a t e r  a n d / o r  s o i l . The soils of the San
J o a q u i n  V a l l e y  a r e  r e p o r t e d  t o  b e  t h e  m a i n  c o n t r i b u t o r s  o f  n i t r o g e n  t o  t h e
dra inage waters . P a s t  a n d  p r e s e n t  s t u d i e s  i n d i c a t e  a  2 1  p a r t s  p e r  m i l l i o n
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a n n u a l  l e v e l  o f  n i t r o g e n  c o n t e n t  i n  t h e  a g r i c u l t u r a l  w a s t e  w a t e r s . The
e f f o r t  i n  t h e  r e c l a m a t i o n  i s  i n t e n d e d  t o  r e d u c e  t h e  n i t r o g e n  c o n c e n t r a t i o n
t o  3  t o  5  p a r t s  p e r  m i l l i o n  w i t h  t i l e  d r a i n s .

T h e  s a l t  m a n a g e m e n t  s o l u t i o n s  o f  t h e  V a l l e y ’ s  f a r m s  i n v o l v e  a  p l a c e  t o
p u t  t h e  w a s t e s ,  i . e . , s a l t  s i n k ,  a n d  a  m e a n s  o f  c o n v e y i n g  t h e  a g r i c u l t u r a l
w a s t e s  t o  t h e  s i n k  t h a t  e n t a i l s  t h e  m a s t e r  d r a i n . T h e  a g r i c u l t u r a l  s a l t
management  sys tems cons is t  o f  on - fa rm fac i l i t i es  and  a  mas te r  d ra in  to  con-
v e y  w a s t e  w a t e r s  t o  p o i n t  o f  u l t i m a t e  d i s p o s a l .

C u r r e n t l y , as  a  va l ley  w ide  sa l t  management  ob jec t i ve ,  the  Bureau  o f
Rec lamat ion  has  comp le ted  the  f i r s t  phase  o f  the  Federa l  San  Lu is  Dra in
f r o m  n e a r  K e t t l e m a n  C i t y  t o  t h e  K e s t e r s o n  R e s e r v o i r ,  a  l e n g t h  o f  8 7  m i l e s
o u t  o f  t h e  d e s i g n e d  t o t a l  o f  1 1 3  m i l e s  l e n g t h . I n  t h e  r e m a i n d e r  o f  t h e
V a l l e y , in  the  Tu la re  Lake  a rea , s m a l l  e v a p o r a t i o n  d i s p o s a l  f a c i l i t i e s  a r e
c o n s t r u c t e d . T h e s e  f a c i l i t i e s  c o n s i s t  o f  e v a p o r a t i o n  b a s i n s  t o g e t h e r  w i t h  a
g r i d  o f  d r a i n s  t o  d i s p o s e  o f  a g r i c u l t u r a l  w a s t e  w a t e r  f r o m  a n  a r e a  o f  2 1 2 , 0 0 0
a c r e s  o f  l a n d .

The irrigation return flow water quality problem of the Valley is more
o n e  o f  t h e  f u t u r e  t h a n  o f  t h e  p r e s e n t , a l t h o u g h  i n  d r y  y e a r s  t h e  w a t e r  q u a l -
i t y  o f  the  San Joaqu in  R iver  even now degrades  to  the  po in t  where  i t  cannot
be used by some crops. I r r i g a t i o n  r e t u r n  f l o w s  m a k e  u p  a  h i g h  p r o p o r t i o n  o f
t h e  f l o w  o f  t h e  r i v e r  i n  t h e  s u m m e r  a n d  f a l l  m o n t h s .

The  San Joaqu in  Va l ley  cu r ren t l y  has  144 ,000  ac res  o f  land  d ra ined  by
t i l e  d r a i n a g e  s y s t e m s , with this area likely to expand to over 1,000,000 acres
by 2020. T h e  d r a i n a g e  i s  r e q u i r e d  t o  l o w e r  t h e  w a t e r  t a b l e  a n d  r e m o v e  s a l t s
f r o m  t h e  s o i l  p r o f i l e . I t  i s  t h e  d i s p o s a l  o f  w a s t e  w a t e r s  f r o m  t h e s e  d r a i n -
a g e  s y s t e m s  w h i c h  w i l l  l e a d  t o  w a t e r  q u a l i t y  p r o b l e m s  i n  t h e  f u t u r e .

A  m a s t e r  d r a i n  i s  p r o p o s e d  t o  c o n v e y  a g r i c u l t u r a l  d r a i n a g e  w a t e r  f r o m
t h e  i r r i g a t e d  l a n d s  t o  a  p o i n t  o f  d i s p o s a l , p robab ly  in  the  Sacramento -
San Joaquin Delta. O t h e r  a l t e r n a t i v e s  f o r  d i s p o s a l  h a v e  b e e n  s u g g e s t e d ,  s u c h
as  fo r  i ndus t r ia l  coo lan ts ,  marsh  management , s a l t  t o l e r a n t  a g r i c u l t u r a l
c rops , a g r i c u l t u r a l  o r g a n i s m s ,  g r o w i n g  a l g a e  f o r  p o u l t r y  a n d  l i v e s t o c k  f e e d ,
s e a  w a t e r  r e p u l s i o n  i n  t h e  D e l t a , a n d  o i l  f i e l d  r e p r e s s u r i z a t i o n . The water
c o u l d  a l s o  b e  d e s a l t e d  f o r  r e u s e ,  o r  s i m p l y  e v a p o r a t e d . A l l  a l t e r n a t i v e s
w o u l d  s t i l l  r e q u i r e  c o l l e c t i o n  a n d  c o n v e y a n c e . I f  t h e  d r a i n a g e  w a t e r s  a r e
dumped in to  the  wate rs  o f  the  De l ta , d e n i t r i f i c a t i o n  c o u l d  b e  n e c e s s a r y .

T h e r e  a r e  t h r e e  b a s i c  t e c h n o l o g i c a l  a l t e r n a t i v e  m e a n s  o f  c o p i n g  w i t h
i r r i g a t i o n  w a s t e  w a t e r s  i n  t h e  S a n  J o a q u i n  V a l l e y : a )  p u t  t h e  d r a i n a g e  w a t e r
t o  s u b s e q u e n t  u s e  w i t h i n  t h e  V a l l e y ; b )  evapora te  the  d ra inage water  and
remove the  b r ine ; a n d  c )  t r a n s p o r t  t h e  d r a i n a g e  w a t e r  f r o m  t h e  V a l l e y . These
m e t h o d s  c o u l d  p o s s i b l y  b e  u s e d  i n  c o m b i n a t i o n  t o  p r o v i d e  t h e  m o s t  e f f e c t i v e
s o l u t i o n . I n  a d d i t i o n , a  f o u r t h  a l t e r n a t i v e  w h i c h  w o u l d  r e d u c e  t h e  m a g n i t u d e
o f  the  p rob lem wou ld  be  to  ra i se  the  leve l  o f  on - fa rm wa te r  management  i n
o r d e r  t o  r e d u c e  t h e  q u a n t i t y  o f  w a s t e w a t e r  h a n d l e d .

R e g a r d l e s s  o f  t h e  e v e n t u a l  m e a n s  o f  d i s p o s a l  o f  t h e  V a l l e y ’ s  a g r i c u l t u r a l
waste  waters , a  r e d u c t i o n  i n  t h e  v o l u m e  t o  b e  h a n d l e d ,  a n d  p o s s i b l y  t r e a t e d ,
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cou ld  be  ach ieved by  reduc ing  the  vo lume o f  d ra inage waters  leav ing  ind iv idua l
farms. Bet te r  on- fa rm management  o f  ex is t ing  water  supp l ies  may have  s ign i f -
i c a n t  w a t e r  q u a l i t y  b e n e f i t s .

I t  i s  o b v i o u s  t h a t  t o  s u s t a i n  t h e  m u l t i - b i l l i o n  d o l l a r  a g r i c u l t u r a l  i n -
d u s t r y  i n  t h e  S a n  J o a q u i n  V a l l e y , s u b s t a n t i a l  i n v e s t m e n t s  i n  a g r i c u l t u r a l
drainage systems must be made in the next few decades. I t  shou ld  be  no ted
t h a t  t h e  i n s t i t u t i o n a l  s t r u c t u r e  i s  b a s i c a l l y  s e t  u p  t o  e m p h a s i z e  “ h a r d w a r e , ”
s t r u c t u r a l  s o l u t i o n s  s u c h  a s  d r a i n a g e . T h i s  i s  s o m e t h i n g  t h a t  i s  a l s o  u n d e r -
s t o o d  b y  i n d i v i d u a l  u s e r s ;  i n  t u r n , such  an  unders tand ing  re in fo rces  and
perpe tua tes  the  sys tem. There  is ,  however , a  c o u n t e r m o v e  t o  t h i s  e s t a b l i s h e d
s t ruc tu ra l  approach  th rough  land  use  management  and  the  a t tachment  o f  zon ing
to  s ta tu tes  such  as  C lean  A i r  and  C lean  Water  Ac ts  (Russe l l  F reeman,  Deputy
Reg iona l  Admin is t ra to r ;  EPA Reg ion  IX , Personal  Communicat ion 6/26/75).

In  a  spec ia l  repor t  p repared  by  the  Bureau  o f  Rec lamat ion  concern ing  the
“Ana lys is  o f  San  Joaqu in  Va l ley  Agr icu l tu ra l  Dra inage  Prob lems and  Proposed
A c t i o n  P l a n , ” i t  w a s  p o i n t e d  o u t  t h a t  s i n c e  w a t e r  i s  a  c r i t i c a l  r e s o u r c e  i n
t h e  S a n  J o a q u i n  V a l l e y  a n d  t h e  e n e r g y  n e c e s s a r y  t o  p r o d u c e  n i t r o g e n  f e r t i l i z -
e r  i s  i n  s h o r t  s u p p l y , the  Va l ley  d ra in  wate r  shou ld  be  cons idered  a  po ten-
t i a l  r e s o u r c e  r a t h e r  t h a n  a  w a s t e . A  p roposed  ac t ion  p lan  cou ld  then  inc lude :
a )  a n  i n t e r a g e n c y  c o o p e r a t i v e  s t u d y  p r o g r a m  t o  d e v e l o p  a  p l a n  t o  u t i l i z e ,
hand le  and  d ispose  o f  the  Va l ley  d ra inage ; b )  a n  e f f e c t i v e  p u b l i c  i n v o l v e m e n t
p rogram wh ich  wou ld  bu i ld  con f idence  be tween  the  fa rmer  and  the  res iden ts  o f
t h e  B a y - D e l t a  r e g i o n ; c )  a  d r a i n  d i s c h a r g e  t e s t i n g  p r o g r a m  t o  d e t e r m i n e  t h e
impac t  o f  Va l ley  d ra inage  on  the  Bay-De l ta ; d )  c o n s i d e r a t i o n  o f  r e a u t h o r i z -
i n g  t h e  S a n  L u i s  D r a i n  a s  t h e  f i r s t  p h a s e  o f  a  S a n  J o a q u i n  V a l l e y  d r a i n a g e
o u t l e t  s y s t e m  n o t  r e s t r i c t e d  t o  s e r v e  o n l y  t h e  S a n  L u i s  P r o j e c t  s e r v i c e  a r e a ;
a n d  e )  s e c u r i n g  a  d i s c h a r g e  p e r m i t  f o r  t h e  S a n  L u i s  D r a i n  e f f l u e n t . Aga in ,
i t  s h o u l d  b e  n o t e d  t h a t  t h e r e  i s  a  d i s t i n c t  b i a s  t o w a r d s  w h a t  h a v e  b e e n
l a b e l  l e d  “ s t r u c t u r a l ” o r  e n g i n e e r i n g  s o l u t i o n s . Y e t ,  i t  h a s  a l s o  b e e n  d i s -
cussed that  opt imal  water  management means minimal  d ischarge (Freeman,
persona l  commun ica t ion ) . F i n a l l y , t h e  c o m p l e x i t y  o f  b o t h  t e c h n i c a l  a n d
i n s t i t u t i o n a l  s o l u t i o n s  ( p a r t  o f  c o n t i n u o u s  s t u d i e s  i n  t h e  a r e a )  i s  b a s e d  o n
a  r e c o g n i t i o n  o f  a n  a l m o s t  t r i p a r t i t e  p h y s i c a l  a p p r o a c h  t o  t h e  p r o b l e m :  t o
t h e  n o r t h  o f  t h e  V a l l e y  t h e r e  i s  e m p h a s i s  o n  d i s c h a r g e  a n d  d r a i n a g e ;  i n  t h e
m i d d l e  ( a r o u n d  F r e s n o )  i n t e g r a t i o n  o f  g r o u n d  w a t e r  a n d  s u r f a c e ,  e s p e c i a l l y
underground  rep len ishment ;  and  to  the  sou th  (Tu la re  Lake  Bas in ) ,  evapora t ion .

General  Conclusions

T h e  c o n t r o l  o f  w a t e r  q u a l i t y  r a i s e s  t w o  b a s i c  i s s u e s  ( w h i c h  a r e  a l s o
present in any water resources management scheme)!  namely,  incent ives and
enforcement. Ques t ions  here  inc lude : W h a t  o r g a n i z a t i o n a l  s t r u c t u r e  i s  g o i n g
to  make  the  ru les  and  regu la t ions  and  a lso  en fo rce  them? How is  the  present
p r o b l e m  o f  i n s u f f i c i e n t  c o n t r o l  g o i n g  t o  b e  a l l e v i a t e d ?  H o w  c a n  t h e  m a r g i n a l
va lue  o f  excess  wate r  be  opera t iona l i zed  to  a  wate r  marke t? W h a t  i s  t h e  s i t -
u a t i o n  w i t h  r e g a r d  t o  i n t r a - s y s t e m , i n t e r - s t a t e  a n d  i n t e r - b a s i n  t r a n s f e r s  o f
water?  Broad as  these  ques t ions  may be , t h e y  a r e  a l s o  p a r t  o f  t h e  g e n e r a l
c o n s i d e r a t i o n s  n e c e s s a r y  f o r  t h e  e v e n t u a l  c o n t r o l  o f  i r r i g a t i o n  r e t u r n  f l o w .
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A s  r e p e a t e d l y  s t a t e d , t h r e e  b a s i c  d i m e n s i o n s  o f  t h e  i r r i g a t i o n  s y s t e m
a r e  c e n t r a l  i n  a l l  s t r a t e g i e s  o f  r e t u r n  f l o w  c o n t r o l : w a t e r  d e l i v e r y ,  t h e
u s e r  a n d  r e m o v a l  e f f o r t s . W i t h  r e g a r d  t o  d e l i v e r y ,  t h e  c r i t i c a l  p o i n t  i s
t h a t  o f  c o n t r o l  o f  t h e  i n l e t . I t  h a s  b e e n  e a r l y  a g r e e d  t h a t  t h e  t h r u s t  o f
t h e  v a r i o u s  a l t e r n a t i v e s  s h o u l d  f o c u s  o n  t h e  u s e r . Improvements  in  de l i very
systems, u s e  o f  b e t t e r  t e c h n o l o g y ,  i m p r o v e m e n t s  i n  r e m o v a l ,  e t c . ,  s h o u l d  a l l
b e  b u i I t  a r o u n d  t h e  u s e r . T h e  c r i t i c a l  p o i n t  o f  t h i s  d i m e n s i o n  i s  t h e  m a n n e r
o f  a p p l y i n g  t h e  w a t e r  o n  t h e  l a n d ,  i . e . ,  o n - f a r m  m a n a g e m e n t .

Cons t ra in ts  to  be t te r  on - fa rm management  inc lude  such  fac to rs  as  lack  o f
i n f o r m a t i o n / t e c h n i c a l  a s s i s t a n c e , l a c k  o f  c o n t r o l  o v e r  t h e  w a t e r ,  e x i s t i n g
w a t e r  r i g h t s , l a c k  o f  p h y s i c a l  f a c i l i t i e s  f o r  u s e  o f  w a t e r ,  a n d  t h e  l a c k  o f
i n s t i t u t i o n a l  f a c i l i t a t o r s  ( t r a d i t i o n ,  v a l u e ,  s y s t e m ,  e d u c a t i o n ,  e t c . ) .
S imp ly , t h e  p r o b l e m  i s  o n e  o f  m o t i v a t i n g  u s e r s  t o  i n t e r n a l i z e  b e t t e r  m a n a g e -
ment techniques.

I n d i v i d u a l  m o t i v a t i o n  c a n  b e  u n d e r s t o o d  a l o n g  t w o  d i m e n s i o n s :  a )  t h e
c a p a b i l i t y  o f  t h e  u s e r  t o  c h a n g e  h i s  p r a c t i c e s ; and b) the mechanisms present
f o r  c h a n g i n g  f a r m  p r a c t i c e s . I n d i c a t o r s  o f  a  f a r m ’ s  c a p a b i l i t i e s ,  o n  t h e
o t h e r  h a n d ,  w o u l d  i n c l u d e  a m o n g  o t h e r s  p h y s i c a l  c a p a c i t y  ( c a p i t a l ) ,  f a r m
s i z e , t y p e  o f  c r o p ,  q u a n t i t y  o f  w a t e r ,  l e g a l  c i r c u m s t a n c e s ,  o r g a n i z a t i o n a l
s t r u c t u r e  o f  t h e  w a t e r  d e l i v e r y  s y s t e m . I n  s h o r t , t h e  c a p a b i l i t i e s  t h a t  a
user  has  to  meet  the  oppor tun i t y  cos ts  o f  improvement  in  on- fa rm wate r
management.

Look ing  back  a t  the  da ta  ob ta ined  and  a t  the  assessment  o f  p roposed
s o l u t i o n s , t w o  k e y  i m p e d i m e n t s  s e e m  t o  s t a n d  o u t  w i t h  r e g a r d  t o  e f f o r t s  f o r
c o n t r o l l i n g  i r r i g a t i o n  r e t u r n  f l o w s : f i r s t ,  t h e  b a s i c  d i f f i c u l t y  o f  m o v i n g
f r o m  t e c h n i c a l  r e s e a r c h  ( a n d  q u i t e  a d e q u a t e  a t  t h a t )  t o  t h e  s o c i a l  a r e n a  o f
imp lementa t ion . Second,  the  pervas ive  negat ive  impac ts  genera ted  f rom the
i m p o s i t i o n  o f  a  s y s t e m  o f  p e r m i t s .

T h e  l a s t  h a s  b e c o m e  n o t  o n l y  a  p o i n t  o f  c o n t e n t i o n ,  b u t  a l s o  a  r a l l y i n g
c r y  f o r  m a n y  w h o  i n c r e a s i n g l y  a r e  w o r r y i n g  a b o u t  t h e  f u t u r e  o f  i r r i g a t e d
a g r i c u l t u r e  i n  t h e  a r i d  W e s t . No more succinct  statement can be made about
the  permi t  sys tem than  the  one  p resen ted  by  the  Co lo rado  Water  Congress  to
the  hear ings  o f  the  Subcommi t tee  on  Env i ronmenta l  Po l lu t ion  in  June  1977 ,
w h i c h  s t a t e s :

From the  very  beg inn ing , we have  opposed the  regu la t ion  o f
p o l l u t i o n  b y  i r r i g a t i o n  r e t u r n  f l o w  t h r o u g h  a n y  k i n d  o f  p e r m i t
sys tem and we cont inue tha t  oppos i t ion . We believe a permit
s y s t e m  i s  i m p r a c t i c a l ,  i n e f f e c t i v e ,  e x p e n s i v e ,  a n d  l i k e l y  t o
lead to undue and unnecessary harassment for  those, who in many
cases, c a n  i l l   a f f o r d  t o  b e  h a r a s s e d  b y  t h e i r  g o v e r n m e n t .

T h e  t e x t  t h e n  c o n t i n u e s  b y  e x p l i c a t i n g  t h e  f a c t o r s  w h i c h  l e d  t o  t h e  o p p o s i -
t i o n  o f  t h e  p e r m i t  s y s t e m .

1 )  T h e  s y s t e m  d i s c r i m i n a t e s  a g a i n s t  t h e  i r r i g a t e d  f a r m e r  a n d
the  west  as  a  reg ion . Regardless of  the claims by EPA, we be-
l i e v e  t h e  s y s t e m  w a s  d e s i g n e d  t o  s p l i t  t h e  a g r i c u l t u r a l  c o m m u n i t y
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- - e a s t e r n  n o n i r r i g a t e d  a g r i c u l t u r e  a n d  t h e  w e s t - - s i n c e  m a n y  o f
the  iden t i ca l  fo rms  and  sources  o f  po l lu t i on  common to  bo th
i r r i g a t e d  a n d  n o n i r r i g a t e d  u n i t s  w i l l  g o  u n c o n t r o l l e d  b y  p e r m i t
i n  t h e  e a s t . P o l i t i c a l l y , th is  was a  very  sound approach by  the
EPA.

2)  Even though the  sys tem is  to  be  based on  genera l  permi ts ,  we
r e c o g n i z e  t h a t  i n d i v i d u a l  p e r m i t s  m a y  b e  i s s u e d  a t  a  l a t e r  d a t e
a t  t h e  d i s c r e t i o n  o f  t h e  r e g i o n a l  d i r e c t o r . Once the agency has
succeeded in  expand ing  i ts  base, i n  e x p a n d i n g  i t s  s t a f f  a n d  f u n d -
i n g ,  i n d i v i d u a l  p e r m i t s  a r e  s u r e  t o  c o m e ,  i f  f o r  n o  o t h e r  r e a s o n
b u t  t o  c o n t i n u e  t h e  j u s t i f i c a t i o n  f o r  t h i s  e x p a n d e d  a g e n c y .  W e
have seen th is  t rend  demonst ra ted  over  and  over  aga in  and have
a b s o l u t e l y  n o  b a s i s  f o r  b e l i e v i n g  t h a t  i t  w i l l  n o t  o c c u r  i n  t h i s
i n s t a n c e .

3 )  T h e  e n t i r e  p r o g r a m  a p p e a r s  t o  b e  t i e d  t o  t h e  d e v e l o p i n g  2 0 8
Area-Wide Water Quality Management Program. I f  t he  208  p rogram
f a i l s , o u t s i d e “ a u t h o r i t i e s ” w i l l  s t e p  i n  t o  s e t  t h e  c r i t e r i a  a n d
d e t e r m i n e  t h e  e x t e n t  o f  p e r m i t  i s s u a n c e  ( b y  c o n s e r v a n c y  d i s t r i c t ,
i r r i g a t i o n  d i s t r i c t ,  d i t c h  c o m p a n y  o r  i n d i v i d u a l ) . The 208 pro-
g r a m  c o u l d  b e  d i r e c t e d  t o w a r d  f a i l u r e  o r  s u c c e s s  a n d  a t  t h i s  p o i n t
a f t e r  n e a r l y  t w o  y e a r s  o f  e x p o s u r e  t o  t h e  p r o c e s s ,  w e  a r e  s t i l l
u n c e r t a i n  a s  t o  t h e  i n t e n t  o f  t h e  E P A  w i t h  r e g a r d  t o  i t s  f a t e .

4 )  W i t h i n  t h e  a g r i c u l t u r a l  c o m m u n i t y ,  o n e  m a n ’ s  r e t u r n  f l o w  i s
a n o t h e r  m a n ’ s  t o t a l  s u p p l y . Any  a t tempts  to  reduce  the  amount  o f
r e t u r n  f l o w , in some areas, w i l l  s e v e r e l y  r e d u c e  t h e  t o t a l  s u p p l y .
W e  b e l i e v e  t h a t  f e w ,  i f  a n y , p o l l u t i o n  c o n t r o l  o f f i c i a l s  u n d e r s t a n d
t h i s  r e l a t i o n s h i p  a n d  w o u l d  h a v e  a  g r e a t  d e a l  o f  d i f f i c u l t y  a c c e p t -
i n g  t h i s  f a c t  e v e n  i f  i t  w e r e  i n c o r p o r a t e d  i n t o  a n  a p p r o v e d  2 0 8
p l a n .

5 )  W h a t  i s  c o n s i d e r e d  p o l l u t i o n  i n  s o m e  a r e a s  o f  t h e  c o u n t r y  m a y
w e l l  b e  c o n s i d e r e d  a n  e s s e n t i a l  i n g r e d i e n t  t o  t h e  w a t e r  s u p p l y  i n
p a r t s  o f  t h e  i r r i g a t e d  w e s t . W e  b e l i e v e  f e w  p o l l u t i o n  c o n t r o l
o f f i c i a l s  a r e  c a p a b l e  o f  u n d e r s t a n d i n g  o r  a c c e p t i n g  t h i s  f a c t .

F i n a l l y ,  i t  i s
document:

We bel ieve
be reached

i n t e r e s t i n g  t o  p o i n t  o u t  t h e  c o n c l u s i o n  o f  t h i s  p a r t  o f  t h e

t h a t  t h e  s o l u t i o n  t o  a g r i c u l t u r a l  p o l l u t i o n  c a n  b e s t
through research and management programs. We bel ieve

tha t  more  money  shou ld  be  spen t  in  th is  a rea  and  less  on  the
a d m i n i s t r a t i o n  o f  a n  i n e f f e c t i v e ,  h a r a s s i n g  p e r m i t  p r o g r a m .  I n
t h e  l o n g  r u n , a l l  w i l l  b e n e f i t  f r o m  t h i s  a p p r o a c h .

T h e  q u e s t i o n  r a i s e d  b y  t h e  i r r i g a t i o n  r e t u r n  f l o w  q u a l i t y  c o n t r o l  e f f o r t s
and the  ensu ing  reac t ions  a re  no t  necessar i l y  new. What has changed, however,
i s  t h e i r  c o n t e x t ; t h e  i n c r e a s e d  s e n s i t i v i t y  t o  l o c a l  c o n d i t i o n s ;  a n d ,  t h e
c o n t i n u o u s  v a g a r i e s  o f  w a t e r  s u p p l y  i n  t h e  a r i d  W e s t . W h a t  i s  o b v i o u s l y
n e e d e d  i s  i n n o v a t i v e  t h i n k i n g ;  c o m b i n a t i o n s  o f  f e a s i b l e ,  c r e d i b l e  a n d
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believable solutions; c o n s i d e r a t i o n  o f  p r a g m a t i c  i m p e d i m e n t s ,  e s p e c i a l l y  i n
t h e  c o n t e x t  o f  s p e c i f i c  a r e a s ; and  an  unders tand ing  o f  the  p rocess  o f  change
i n  o r d e r  t o  b e  a b l e  t o  s t o p ,  m o d i f y , o r  a d o p t  p r o p o s e d  s o l u t i o n s  o r
a l t e r n a t i v e s .

In summary, t h e  f i n a l  a p p r o a c h  t o  i r r i g a t i o n  r e t u r n  f l o w  q u a l i t y  m a n a g e -
ment  requ i res  an  imag ina t i ve  combina t ion  o f  phys ica l  methods ,  imp lementa t ion
m e a s u r e s  a n d  i n s t i t u t i o n a l  a r r a n g e m e n t s . The success  o f  such  a  syn thes is
w i l l  b e  u l t i m a t e l y  b a s e d  o n  a  g r a d u a l ,  i f  n o t  h i e r a r c h i c a l ,  t e s t i n g  o f  a l t e r -
n a t i v e  s o l u t i o n  p a c k a g e s , o n  s e n s i t i v i t y  t o  l o c a l  c o n d i t i o n s ,  a n d  o n  a  c o m -
m i t t e d , o p e n  p r o c e s s  o f  c o m m u n i c a t i o n  l i n k i n g  a p p r o p r i a t e  a u t h o r i t i e s  w i t h
i n d i v i d u a l  u s e r s . I t  i s  t h i s  l a s t  p o i n t  t h a t  t h e  n e x t  s e c t i o n  w i l l  a d d r e s s ,
o u t l i n i n g  i n  a  m o r e  o r  l e s s  c o n c e p t u a l  f a s h i o n  t h e  c h a l l e n g e  o f  c h a n g e  a n d
i n n o v a t i o n  a n d  t h e  d i f f i c u l t i e s  i n v o l v e d  i n  i m p l e m e n t a t i o n  e f f o r t s  i n
c o n t r o l l i n g  a g r i c u l t u r a l  p o l l u t i o n .
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SECTION 8

THE PROCESS OF IMPLEMENTATION: PREMISES AND PROSPECTS

GENERAL REMARKS

G i v e n  t h e  c e n t r a l i t y  o f  i m p l e m e n t a t i o n  i n  c a r r y i n g  o u t  p o l i c i e s ,  i t
w o u l d  b e  e x p e c t e d  t h a t  q u i t e  s i g n i f i c a n t  l i t e r a t u r e  m u s t  e x i s t  f o r  s u c h  a n
important process. Y e t ,  v e r y  l i t t l e  h a s  b e e n  w r i t t e n  a b o u t  i m p l e m e n t a t i o n
a s  a  p r o c e s s  t h a t  s h o u l d  a l m o s t  a u t o m a t i c a l l y  f o l l o w  o n c e  a  p o l i c y  h a s  b e e n
fo rmu la ted . Indeed, i m p l e m e n t a t i o n  h a s  b e e n  a  v e r y  d i f f i c u l t  a n d  f r u s t r a t i n g
a f f a i r  f u l l  o f  p i t f a l l s  i n  t h e  e f f o r t  o f  u n d e r s t a n d i n g  t h e  c o n t i n u u m  o f  f o r m -
u l a t i n g  a  p o l i c y  t o  e x e c u t i n g  i t  ( Q u a d e ,  1 9 7 5 ) .

I t  has  been  assumed tha t  once  a  dec is ion  has  been  made,  and  in  par t i cu la r
l e g a l  i m p e r a t i v e s  h a v e  b e e n  o u t l i n e d , b o t h  p u b l i c  b o d i e s  a n d  t h e  p u b l i c  a t
l a r g e  a s s u m e  t h a t  a n  o r d e r l y  p r o c e s s  o f  e x e c u t i n g  t h e  w i l l  o f  t h e  c o m m o n s  w i l l
somehow be order ly implemented as desired. Ye t ,  p rob lems w i th  imp lementa t ion
a r e  w i d e s p r e a d ,  g i v e n  t h e  g r e a t  v a r i e t y  o f  p r o g r a m s ,  t h e  i n t e r p r e t a t i o n  o f
t h e  l a w ,  a n d  t h e  i n t r i c a c i e s  i n v o l v e d  i n  c a r r y i n g  o u t  t h e  c o m m o n  w i l l .
Furthermore, th is  p rocess  i s  comp l i ca ted  by  concep tua l  and  methodo log ica l
p rob lems revo lv ing  a round a  con fus ing  te rmino logy  assoc ia ted  w i th  what  one
m a y  b r o a d l y  c a l l  “ p o l i c y  i m p l e m e n t a t i o n . ” Synonyms that appear here include
a l s o  t h e  p r o c e s s  o f  “ i n n o v a t i o n , ”  o f  “ c o m m u n i c a t i n g ”  c o m m o n a l i t y  o f  i n t e r e s t ,
o f  “ a d o p t i n g ”  n e w  p r a c t i c e s ,  a n d  o f  “ a c c e p t i n g ” w h a t  i s  b e i n g  o u t l i n e d  i n
b r o a d  s t r o k e s  i n  p o l i c y  ( s e e  t h e  d i s c u s s i o n  i n  A p p e n d i x  2  o f  B a r d a c h ,  1 9 7 7 ) .

Beyond the  bas ic , a n d  r a t h e r  s t a r k ,  d e f i n i t i o n  o f  i m p l e m e n t a t i o n  a s
“ e f f e c t i v e l y  p u t t i n g  i n t o  o p e r a t i o n  p o l i c y  d e c i s i o n s , ”  t h e  l i t e r a t u r e  s e e m s  t o
lack  any  rea l  consensus  as  to  the  p rocess  th rough  wh ich  governmenta l  p rograms
are implemented. What  we have ins tead are  some bas ic  ideas  in  opera t ions
management  o r  admin is t ra t ion  management  invo lv ing  an  abs t rac t  d iscuss ion
r a t h e r  t h a n  a n  a n a l y s i s  o f  e m p i r i c a l  s t a t e m e n t s  t h a t  c o u l d  p r o p e r l y  i l l u m i n a t e
t h e  s u b j e c t . In essence, m o s t  o f  t h e  l i t e r a t u r e  a n d  t h e  t h e o r e t i c a l  u n d e r -
s t a n d i n g  o f  t h e  c o n c e p t  o f  i m p l e m e n t a t i o n  r e s u l t  f r o m  p a r a l l e l  e x p r e s s i o n s ,
e s p e c i a l l y  f r o m  t h e  l i t e r a t u r e  o f  d i f f u s i o n  a n d  a d o p t i o n  o f  i n n o v a t i o n s .

I t  s h o u l d  b e  n o t e d  t h a t  s o  f a r  a l l  p r e v i o u s  p a r t s  o f  t h i s  r e p o r t  ( a n d
t h e  a p p r o p r i a t e  p a r t s  o f  t h e  c a s e  s t u d i e s )  h a v e  b e e n  a t t e m p t i n g  t o  o u t l i n e  t h e
p r o c e s s  o f  i m p l e m e n t a t i o n  i n v o l v e d  i n  t h e  l o n g  a n d  a r d u o u s  t a s k  o f  d e f i n i n g
t h e  p r o b l e m  t o  c a r r y i n g  o u t  t h e  i m p e r a t i v e s  o f  a n  e x p l i c i t  o r  i m p l i e d  p o l i c y .
What  we  mus t  concen t ra te  on  a t  th i s  po in t  a re  some genera l  remarks  as  to  wha t
i d e a l l y  i m p l e m e n t a t i o n  e n t a i l s  a n d ,  t h e r e f o r e , f u r t h e r  e l a b o r a t e  w i t h  t h e  h e l p
of existing literature the characteristics of the process as well as the con-
s t r a i n t s  t h a t  s e e m  t o  m a k e  i m p l e m e n t a t i o n  a  r a t h e r  d i f f i c u l t  a f f a i r .
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T h e  r e l e v a n c y  o f  t h e  a b o v e  r e s t s  o n  t h e  f a c t  t h a t  m a n y  w r i t e r s  a p p e a r  t o
t h i n k  o f  i m p l e m e n t a t i o n  a s  s y n o n y m o u s  w i t h  p u b l i c  a d m i n i s t r a t i o n  i t s e l f .  I n
t h i s  c o n t e x t , what  we have  i s  no th ing  more  than  the  s imp le  execu t ion  o f  some
bureaucra t i c  manda te . Ye t , i t  h a s  b e e n  o u r  c o n t e n t i o n  t h r o u g h o u t  t h e  p r e v i o u s
p a g e s  t h a t  i m p l e m e n t a t i o n  i s  a  m u c h  m o r e  d i f f i c u l t  p r o c e s s ,  i n v o l v i n g  n o t  o n l y
a  c l e a r  d e f i n i t i o n  o f  l e g a l  i m p e r a t i v e s , b u t  a l s o  a  m o b i l i z a t i o n  o f  a l l  p a r t i e s
i n v o l v e d  i n  o r d e r  t o  f u r t h e r  d e f i n e ,  e l a b o r a t e  a n d  e x e c u t i v e  i n  a  c o n s i s t e n t
m a n n e r  t h e  d e s i r e  e x p r e s s e d  i n  t h e  p a r t i c u l a r  c o l l e c t i v e  a c t i o n . Al though
a l l  t h e  l i t e r a t u r e  t e n d s  t o  b e  r e l a t i v e l y  p o o r  o n  t h i s  t o p i c ,  t h e  c o n c e p t  o f
i m p l e m e n t a t i o n  i t s e l f  h a s  a l w a y s  b e e n  p e r c e i v e d  a s  a  c e n t r a l  s o c i a l  a n d  p o l i -
tical problem. M a n y  o f  t h e  m a j o r  p o l i c i e s  o f  t h i s  c o u n t r y ,  p a r t i c u l a r l y  m a j o r
s o c i a l  w e l f a r e  p o l i c i e s , h a v e  b e e n  p a r t i c u l a r l y  c e n t r a l  i n  u n d e r s t a n d i n g
imp lementa t ion . The  u rgency  o f  unders tand ing  imp lementa t ion  was  fu r ther
e x e m p l i f i e d  b y  t h e  e l a b o r a t i o n  o f  t h e  s p i r i t  o f  t h e  N a t i o n a l  E n v i r o n m e n t a l
P o l i c y  A c t  a n d  o f  t h e  e x p l i c i t  m a n d a t e  t o  i n v o l v e  a l s o  ( i n  a d d i t i o n  t o  t h e
r e q u i r e m e n t s  o f  t h e  l e g a l  i m p e r a t i v e s  a n d  o f  t h e  p r o f e s s i o n a l  o p i n i o n )  t h e
pub l i c  as  a  means  fo r  a  coheren t  and  cogen t  scheme o f  ca r ry ing  ou t  o r  execu t -
i n g  e x p r e s s e d  p o l i c y .

R a t h e r  t h a n  f u r t h e r  d i s c u s s i n g  t h i s  t h e m e  o f  t h e  c e n t r a l i t y  o f  i m p l e m e n t -
a t i o n , w e  m a y  t u r n  o u r  a t t e n t i o n  t o  w h a t  t h e  i m p l e m e n t a t i o n  p r o c e s s  r e a l l y
means  o r  imp l ies . Wi th  emphas is  on  wate r  qua l i t y  p rob lems,  imp lementa t ion
as  a  concep t  and  p rocess  depends  on  the  fo l low ing :

1. T h e  c a p a c i t y  t o  m a n a g e  t h e  a d m i n i s t r a t i v e  o r  r e g u l a t o r y  p r o c e s s .
T h i s  i n d i c a t e s  t h r e e  f u r t h e r  n o t i o n s .  F i r s t ,  t h a t  d e c i s i o n s  a s  t o  a
p a r t i c u l a r  p o l i c y  s h o u l d  b e  u n a m b i g u o u s  s o  t h a t  t h e r e  w o u l d  e x i s t  a  c a p -
ac i t y  to  manage comprehens ive ly  wate r  qua l i t y  th rough appropr ia te  admin-
is t ra t i ve  mechan isms. S e c o n d ,  c a p a c i t y  a l s o  i m p l i e s  t h e  e x i s t e n c e  o f
a p p r o p r i a t e  s t r u c t u r e s  a n d  p e r s o n n e l  t h a t  w o u l d  c a r r y  o u t  t h e  p a r t i c u l a r
r e g u l a t o r y  p r o c e s s . F i n a l l y , u n d e r  t h i s  g e n e r a l  c a p a c i t y  o r  c a p a b i l i t y
o f  m a n a g i n g  t h e  p a r t i c u l a r  p r o c e s s , one  may  a lso  inc lude  the  ques t ion  o f
l e a d e r s h i p  a n d  t h e  a b i l i t y  t o  c a r r y  o u t  i n  a n  u n a m b i g u o u s  w a y  t h e  i m p e r -
a t i v e s  e x p r e s s e d  i n  t h e  p r o p o s e d  a c t i o n  o r  r e g u l a t o r y  p r o c e s s .

2 . F ide l i t y  in  pursu ing  management  dec is ions . T h i s  b r o a d  c o n s i d e r a t i o n
is  par t i cu la r l y  re levan t  fo r  such  a  comprehens ive  and  demand ing  law as
P . L .  9 2 - 5 0 0 ,  w h i c h ,  i n  t u r n , d e p e n d s  o n  t h r e e  p a r t i c u l a r  s u b j e c t s  o f
c o n d i t i o n ,  n a m e l y : a )  t h e  a c c u r a c y  o f  r e l a y i n g  a n d  i n t e r p r e t i n g  p u b l i c
p o l i c y ;  b )  t h e  c o n g r u e n c e  w i t h  t h e  o r i g i n a l  i n t e n t  o f  t h e  l a w  w h e n  p u r -
suing management decis ions; a n d  c )  r e s o u r c e s  a v a i l a b l e  f o r  c a r r y i n g  o u t
t h i s  a c t i o n . In  each  one  o f  the  above , the  obv ious  danger  resu l t s  f rom
t h e  f a c t  t h a t  e i t h e r  a n  u n c l e a r  p o l i c y  o r  d i f f e r e n t  p e r c e p t i o n s - -
par t i cu la r l y  among imp lement ing  agenc ies - - o r l a c k  o f  p u b l i c  s u p p o r t
( i nc lud ing  a lso  r i va l ry  o f  compet ing  agenc ies )  can  make  management  dec i -
s i o n s  a n d  t h e  i m p l e m e n t a t i o n  p r o c e s s  v e r y  d i f f i c u l t  a s  t h e  a c t u a l
p u r s u i n g  o f  t h e  m a n a g e m e n t  o f  t h e  p o l i c y  d i f f e r s  o r  i s  i n c o n g r u e n t  w i t h
t h e  o r i g i n a l l y  i n t e n d e d  p o l i c y .

3. C l a r i t y  a n d  a u t h o r i t a t i v e n e s s  i n  c o m m u n i c a t i n g  a n d  p e r c e i v i n g  t h e
problem. T h i s  g e n e r a l  c o n s i d e r a t i o n  i n  t h e  i m p l e m e n t a t i o n  p r o c e s s  i m p l i e s
m a n y  o f  t h e  t h i n g s  t h a t  h a v e  b e e n  d i s c u s s e d  t h r o u g h o u t  t h e  p r o j e c t ,
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namely, s u c h  k e y  i t e m s  a s  t h e  u n d e r s t a n d i n g  o f  c o s t s  i n v o l v e d ;  t h e  a p p r e -
c i a t i o n  o f  t h e  c o m p l e x i t y  o f  h u m a n  m o t i v a t i o n  a n d  o f  t h e  c o u n t e r - i n t u i t i v e
c h a r a c t e r  o f  t h e  s o c i a l  s y s t e m ;  a n d  f i n a l l y ,  t h e  d e g r e e  o f  d i s c r e p a n c y
b e t w e e n  a c t u a l  a n d  p e r c e i v e d  s i t u a t i o n s .  A l l  o f  t h e s e  d e n o t e  t h a t ,
t o g e t h e r  w i t h  t h e  e a r l i e r  i n d i c a t e d  c a p a b i l i t y  o f  m a n a g i n g  t h e  r e g u l a t o r y
p r o c e s s  ( a s  w e l l  a s  t h e  e x t e n t  t o  w h i c h  t h e r e  i s  a n  a c c u r a c y  i n  c a r r y i n g
o u t  t h e  p o l i c y ) , t h e r e  m u s t  a l s o  b e  a  c l a r i t y  i n  u n d e r s t a n d i n g  a l l  v a g a -
r i e s  i n v o l v e d  i n  f o l l o w i n g  t h e  p a r t i c u l a r  p r o c e s s . S imp ly , i f  t h e  i n i t i a l
p o l i c y  d e c i s i o n  i s  u n c l e a r  o r  a m b i g u o u s , t h e r e  i s  b y  d e f i n i t i o n  n o  r e a l
r e f e r e n c e  p o i n t  a g a i n s t  w h i c h  t o  a s s e s s  i t s  i m p l e m e n t a t i o n .

4. E q u a l i z a t i o n  o f  “ e x t e r n a l ”  i n f l u e n c e s . I m p l e m e n t a t i o n ,  e s p e c i a l l y
i n  t h e  c o n t e x t  o f  w a t e r  q u a l i t y ,  i m p l i e s  t w o  f u r t h e r  t h i n g s : a )  t h e
recogn i t i on  o f  p ressure  g roups  so  tha t  imp lementa t ion  wou ld  a lso  command
w i d e s p r e a d  p u b l i c  s u p p o r t ; a n d  b )  m o n i t o r i n g  o f  t h e  i m p l e m e n t a t i o n  a s  t o
t h e  e f f e c t s  o n  i n d i v i d u a l  o r  g r o u p s  s o  t h a t  a p p r o p r i a t e  c o r r e c t i v e  m e c h -
a n i s m s  c a n  b e  d e v i s e d  i n  o r d e r  t o  f u r t h e r  p u r s u e  t h e  o r i g i n a l  i n t e n t  o f
the  law. T h e  l a t t e r  i s  p a r t i c u l a r l y  i m p o r t a n t ,  s i n c e  p o l i c i e s  a r e  f l e x -
i b l e  a n d  e v o l v i n g  a n d  t h e y  a r e  a l w a y s  a  r e s p o n s e  t o  t h e  p a r t i c u l a r
d e m a n d s  o f  a  g i v e n  s i t u a t i o n . T h i s  p o i n t  h a s  b e e n  p a r t i c u l a r l y  c e n t r a l
i n  o u r  a n a l y s i s  o f  t h e  p r o b l e m  w h e r e  t h e  p e r e n n i a l  c o m p l a i n t  a s  t o  t h e
p a r t i c u l a r  s o c i o - e c o n o m i c  c o n t e x t  o f  t h e  w e s t e r n  s i t u a t i o n  h a s  a f f e c t e d
s i g n i f i c a n t l y  t h e  a r g u m e n t a t i o n  a s  t o  t h e  a d v i s a b i l i t y  o f  c o n t r o l l i n g
n o n p o i n t  p o l l u t i o n  a n d  i r r i g a t i o n  r e t u r n  f l o w .

I f  t h e  a b o v e  a r e  s o m e  o f  t h e  b a s i c  p r o p o s i t i o n s  t h a t  o n e  m a y  f o r w a r d  i n
a n y  d i s c u s s i o n  o f  t h e  p r o c e s s  o f  i m p l e m e n t a t i o n  ( a n d  t h e s e  a r e  o n l y  c e n t r a l
c o n s i d e r a t i o n s  t h a t  r e f e r  r o u g h l y  t o  f o u r  k e y  c o n c e p t s ,  n a m e l y  c a p a c i t y ,
f i d e l i t y ,  c l a r i t y ,  a n d  e q u a l i z a t i o n ) , one  may  conc lude  tha t  the  p rocess  o f
c o n t r o l l i n g  i r r i g a t i o n  r e t u r n  f l o w  i s  a n  e x t r a o r d i n a r i l y  c o m p l i c a t e d  t a s k .
The  execu t ion  o f  such  a  po l i cy  requ i res  con t inuous  rear rangement  and  dec is ion-
m a k i n g  i n  a  s h i f t i n g  c o n t e x t  t h a t  r e c o g n i z e s  t h e  v a r i a t i o n s  o f  l o c a l  c o n d i -
t i o n s ; in te rdependenc ies  be tween presen t  po l i c ies  and  o ther  env i ronmenta l
measures; a n d  a  c l o s e  i n t e r r e l a t i o n s h i p  b e t w e e n  p h y s i c a l  a n d  n o n p h y s i c a l
dimensions. A t  the  same t ime, t h e  a b o v e  a l s o  i n d i c a t e  t h a t  i n  p u r s u i n g  a
p o l i c y  f o r  i m p r o v i n g  w a t e r  q u a l i t y , s p e c i a l i z e d  i n s t i t u t i o n a l  a r r a n g e m e n t s
m u s t  b e  d e s i g n e d  w i t h  s e n s i t i v i t y  t o  s p e c i f i c  s o c i o - e c o n o m i c  c o n d i t i o n s  ( a s
i t  b e c a m e  e a r l y  a p p a r e n t  i n  t h e  c a s e  s t u d i e s  o f  t h i s  p r o j e c t ) ;  a n d  a  c r e a t i v e
balance between enforcement mechanisms and counter incent ives,  such as the
d e f i n i t i o n  o f  t h r e s h o l d s , t h e  u t i l i z a t i o n  o f  m a r k e t  m e c h a n i s m s ,  t r a d i n g  i n
w a t e r  r i g h t s , and al l  other such mechanisms that  would make possib le a com-

prehensive management scheme.

F i n a l l y , i n  d i s c u s s i n g  t h e  p r o c e s s  o f  i m p l e m e n t a t i o n ,  b o t h  t h e  s p i r i t  a n d
t h e  l e t t e r  o f  t h e  l a w , a s  w e l l  a s  t h e  p r a c t i c e s  a n d  e x p e r i e n c e s  s o  f a r ,  i m p l y
tha t  whatever  ins t i tu t iona l  a r rangements  take  p lace  and  whatever  mechan isms
a r e  d e v i s e d  t o  c a r r y  o u t  t h e  a p p r o p r i a t e  m a n d a t e ,  t h e r e  m u s t  b e  a l s o  w i d e -
s p r e a d  p u b l i c  s u p p o r t  i f  a  p o l i c y  i s  t o  b e  s u c c e s s f u l l y  c a r r i e d  o u t . T h i s
p u b l i c  s u p p o r t  r e f l e c t s  n o t  o n l y  t h e  c o n g r u e n c e  b e t w e e n  t h e  s p i r i t  o f  t h e  l a w
a n d  t h e  i n t e r e s t s  o f  a f f e c t e d  p a r t i e s ;  b u t , i t  a l s o  p o i n t s  o u t  t h e  r e l e v a n c y
o f  p o l i c y  t o  t h e  p a r t i c u l a r  s i t u a t i o n .
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THE DIFFICULTIES WITH IMPLEMENTATION OF CONTROLS IN AGRICULTURAL POLLUTION

I n  v i e w  o f  t h e  c o n c l u s i o n s  p r o v i d e d  i n  S e c t i o n  7  a n d  t h e  p r e v i o u s  g e n e r a l
remarks, w e  c a n  n o w  r e t u r n  t o  t h e  o r i g i n a l  q u e s t i o n  p o s e d  i n  t h i s  s t u d y : Why
i s  i t  d i f f i c u l t  t o  i m p l e m e n t  c o n t r o l s  i n  a g r i c u l t u r a l  p o l l u t i o n : The most
s u c c i n c t  w a y  o f  a n s w e r i n g  t h i s  d e c e p t i v e l y  p l a i n  q u e s t i o n  i s  t o  a r t i c u l a t e
o u r  a p p r o a c h  b y  c o n s i d e r i n g  t h r e e  s o u r c e s  o f  d i f f i c u l t i e s : a )  t h a t  t h e  p r o b -
l e m  i s  w r o n g l y  c o n c e i v e d  o r  i l l - d e f i n e d ;  b )  t h a t  t h e  “ s o l u t i o n ”  i s  w r o n g ,
i . e . , the means employed are inappropr iate; a n d  c )  t h a t  t h e r e  i s  s i m p l y  a n  i n -
a b i l i t y  t o  b r i n g  t o g e t h e r  g e n e r a l , t h e o r e t i c a l  c o n c e p t s  o r  p o l i c y  p r i n c i p l e s
w i t h  t h e  e x i g e n c i e s  o f  c o n c r e t e  p r o b l e m a t i c  s i t u a t i o n s . These points can be
summar ized  in  the  ca tegor ies  o f  Tab le  10 .

U s i n g  t h i s  t a b l e  a s  a  b a c k d r o p , w e  c a n  n o w  d i s c u s s  f u r t h e r  t h e  d i f f i c u l -
t i e s  i n  i m p l e m e n t i n g  c o n t r o l s  i n  a g r i c u l t u r a l  p o l l u t i o n . The literature
abounds  here  in  a  number  o f  cond i t ions . Wi th  the  he lp  o f  Tab le  10 ,  one  may
a r t i c u l a t e  f u r t h e r  b o t h  t h e  p r o b l e m a t i c  s i t u a t i o n s  a n d  t h e  r e s p o n s e s . D i f f i -
c u l t i e s  i n  i m p l e m e n t a t i o n  i n v o l v e :

1. D i s a g r e e m e n t s  a s  t o  t h e  p o l i c y  o r  s p e c i f i c  d e c i s i o n ,  e s p e c i a l l y
because  the  ac t ion  may  be  perce ived  as  compl i ca ted ,  non in te rp re tab le ,
e t c .

2. P r o b l e m s  w i t h  n e g o t i a t i o n  p r o v i s i o n s  o f  t h e  p o l i c y ,  a n d  t h e  a t t e n d a n t
c o n f l i c t  o f  i n t e r e s t  a m o n g  a f f e c t e d  g r o u p s .

3. A t t i t u d i n a l  c h a n g e s  a n d  d i s c r e p a n c i e s i n  t h e  f o u r  k e y  c o n d i t i o n s  o f
a n  e f f e c t i v e  i m p l e m e n t a t i o n  p r o c e s s  d i s c u s s e d  p r e v i o u s l y  ( i . e . ,  c a p a c i t y ,
f i d e l i t y ,  c l a r i t y ,  e q u a l i z a t i o n ) .

4 .  The  degree  o f  o rgan iza t iona l  p reparedness  and  the  ba lance  be tween
enforcement mechanisms and incent ives for  compl iance.

5 . S h i f t i n g  o f  p r i o r i t i e s ,  i n c l u d i n g  u n c e r t a i n t i e s ,  c h a n g i n g  c i r c u m -
s tances , as  we l l  as  what , i n  t h e  l i t e r a t u r e  o f  d e c i s i o n - m a k i n g ,  h a s  b e e n
r e f e r r e d  t o  a s  “ r e g r e t ” o r  c h a n g e s  i n  p o l i c y  o r i e n t a t i o n .

6. F i n a l l y , a  m a j o r  d i f f i c u l t y  h a s  t o  d o  w i t h  t h e  r i s k s  i n v o l v e d  i n
mak ing  impor tan t  dec is ions , p a r t i c u l a r l y  w i t h  r e g a r d  t o  f a r - r e a c h i n g ,
secondary ,  long- range  e f fec ts  o f  p resen t  ac t  ions .

T h e  l i t e r a t u r e  h a s  f u r t h e r  e l a b o r a t e d  m a n y  o f  t h e s e  d i f f i c u l t i e s  t h a t
have been summarized above. The  work  o f  Pressman and  Wi ldawsky  i s  par t i cu la r l y
u s e f u l  i n  t h e  p r e s e n t a t i o n  o f  t h e  i m p e d i m e n t s  t o  i m p l e m e n t a t i o n . There ,  key
i t e m s  i n c l u d e : a )  c o n t r a d i c t o r y  o r  a m b i g u o u s  l e g i s l a t i v e  c r i t e r i a ;  b )  i n h e r -
e n t  a d m i n i s t r a t i v e  a n t a g o n i s m s  b e t w e e n  a g e n c i e s ;  c )  u n c e r t a i n t y  o f  l o c a l
a c t i o n ,  i . e . , m a n a g e m e n t  c a p a b i l i t y  a n d  a n  i n s t i t u t i o n a l  n e t w o r k  t h a t  p r o -
h i b i t s  n e w  s t r u c t u r e s  t o  e v o l v e ; and  d )  imposs ib le  t ime  schedu le  fo r  meet ing
d e a d l i n e s  ( w h i c h  i s  a  c e n t r a l  a r g u m e n t  i n  t h e  d e b a t e  a s  t o  i r r i g a t i o n  r e t u r n
f low con t ro l  measures ) . I t  becomes apparen t  tha t  a  cen t ra l  imped iment  to
i m p l e m e n t a t i o n  e f f o r t s  r e s u l t s  f r o m  t h e  f a c t  t h a t  a  l o t  o f  a c t i o n s  a n d
p o l i c i e s  a r e  a t t e m p t e d  w i t h o u t  p r o p e r  p l a n n i n g . T h i s  b e c o m e s  p a r t i c u l a r l y
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TABLE 10. PROBLEM-SOLVING SCENARIOS

PROBLEMATIC SITUATION

1. Wrong problem

2. Wrong  so lu t ion  (wrong
approach)

3 . lnability to link general
c o n c e r n s  w i t h  s i t e - s p e c i f i c
c o n d i t i o n s

RESPONSE

1. Re-examine the problem

a .  d e f i n e  p a r a m e t e r s
b. i n c r e a s e  s e n s i t i v i t y  t o  l o c a l

c o n d i t i o n s
C. o b t a i n  p u b l i c  r e s p o n s e

2 . I d e n t i f y  a p p r o p r i a t e  s o l u t i o n

a .  d e v e l o p  r a n g e  o f  a l t e r n a t i v e s
b. examine “ b a l a n c e d  d e c i s i o n ”
C. assess range of  consequences of

e a c h  a l t e r n a t i v e
d. d e v e l o p  f e a s i b l e  d e s i g n

3. B u i l d  t h e  b a s i s  f o r  i m p l e m e n t a t i o n

a . r e l a t e  l o c a l  t o  g e n e r a l  c o n d i t i o n s
b. link theory and practice
c . a r t i c u l a t e  s o c i a l  p r o c e s s  o f

implementat ion
d. e n c o u r a g e  p u b l i c  p a r t i c i p a t i o n
e . a l l ow  fo r  mon i to r ing  and  feedback

a s  w e l l  a s  f l e x i b l e  s o l u t i o n s  ( s o
t h a t  t h e y  c a n  b e  c o n t i n u o u s l y
improved-- con t inue  eva lua t ion  and
r e e v a l u a t i o n )

impor tan t  i f  one  no tes  tha t  o ld  unders tand ings  and  agreements  seem to  d isso lve
a s  n e w  i n d i v i d u a l s  a n d  n e w l y  a f f e c t e d  p a r t i e s  e n t e r  t h e  p r o g r a m . The end re-
s u l t  i s  a  l a c k  o f  c o o r d i n a t i o n ,  l e g a l  a n d  p r o c e d u r a l  d i f f e r e n c e s ,  l a c k  o f
power, a n d  u n e x p e c t e d  s h i f t s . The  geomet r i c  g rowth  o f  i n te rdependenc ies  fo l -
l o w i n g  t h e  i n t r o d u c t i o n  o f  a  n e w  p o l i c y  c o m e  a b o u t  a s  a  r e s u l t  o f  e v o l u t i o n
o v e r  t i m e ; s h i f t i n g  p r i o r i t i e s ; and of  d isagreements over “means to an end”
by  var ious  invo lved agenc ies  and groups. One basic reason for  which programs
s u r v i v e  i s  t h a t  t h e y  t e n d  t o  a d a p t  t h e m s e l v e s  t o  t h e i r  e n v i r o n m e n t  o v e r  a  l o n g
p e r i o d  o f  t i m e . Accommodat ions tend to appear, i n c l u d i n g  n e w  i n t e r p r e t a t i o n s
o f  t h e  l e g a l  m a n d a t e  a s  w e l l  a s  p o l i c y  r e o r i e n t a t i o n s .

T h e  o b v i o u s  c o n c l u s i o n  o f  t h e  l i t e r a t u r e  a n d  p r e s e n t  s t u d y  i s  t h a t  p o l i c y
f o r m u l a t i o n  a n d  i m p l e m e n t a t i o n  a r e  n o t  c o n g r u e n t .  Q u i t e  o f t e n  t h e r e  i s  a n
o v e r e s t i m a t i o n  o f  o n e ’ s  r e s o u r c e s  a n d  a b i l i t i e s ,  a s  w e l l  a s  o f  t h e  o r i g i n a l
i n t e n t  o f  t h e  l a w , t o  c a r r y  o u t  e x p r e s s e d  d e s i r e s  f o r  c o n t r o l l i n g  t h e  s u r -
round ing  env i ronment . I t  b e c o m e s  i m p o r t a n t  t h a t  a l l  s u c h  d i f f i c u l t i e s  o f
i m p l e m e n t a t i o n  s h o u l d  b e  m a d e  p a r t  o f  a n  i n i t i a l  f o r m u l a t i o n  o f  p o l i c y  b y
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deve lop ing : a )  a  r e a l i s t i c  t i m e  f r a m e ; b) accuracy in pursing management
d e c i s i o n s ; c )  c o n g r u e n c e  w i t h  o r i g i n a l  i n t e n t ;  d )  o r g a n i z a t i o n a l  m a c h i n e r y
needed fo r  execu t ing  a  p rogram; a n d  e )  r e c o g n i t i o n  o f  a p p r o p r i a t e  p r e s s u r e
points (Pressman and Wildawsky (1973).

A l l  i n  a l l , t h e  i n t e r r e l a t i o n s h i p  b e t w e e n  p r o b l e m s ,  p u b l i c s ,  p r o c e s s e s ,
p o l i c i e s , a n d  i n s t i t u t i o n a l  m e c h a n i s m s  m u s t  b e  b e t t e r  a r t i c u l a t e d ,  i f  t h e
c a p a b i l i t y  t o  c a r r y  o u t  p o l i c i e s  i s  t o  c o m e  a b o u t . I f  we  are  supposed to
s y s t e m a t i c a l l y  p u r s u e  i m p l e m e n t a t i o n  e f f o r t s , we must also understand the
c u r r e n t  i n c a p a c i t i e s  f o r  e x e c u t i n g  p a r t i c u l a r  p o l i c i e s ,  i n c l u d i n g : a )  t h e
c a p a b i l i t i e s  t h a t  b e a r  d i r e c t l y  o n  t h e  p r o b l e m  a t  h a n d ;  b )  t h e  o r g a n i z a t i o n a l
i n c e n t i v e s  f o r  o v e r c o m i n g  a d j u s t m e n t  p r o b l e m s  i n  o r g a n i z i n g ,  e x p a n d i n g ,  o r
r e d i r e c t i n g  c u r r e n t  p o l i c y ; c )  p u b l i c  a n d  m e d i a  p r e s s u r e  a n d  t h e  r e l a t i o n s h i p
b e t w e e n  r h e t o r i c  a n d  a c t i o n ; d )  t h e  r e c o g n i t i o n  t h a t  d e c i s i o n s  m u s t  b e  f l e x -
ib le  in  o rder  to  inc lude  escape  c lauses  fo r  pos tponement  and /o r  compromise ;
a n d  e )  t h e  u n d e r s t a n d i n g  t h a t  t h e  r e g u l a t i v e  p r o c e s s  i t s e l f  m u s t  b e  c h a r a c -
t e r i z e d  b y “ m u t u a l  r i s k - t a k i n g . ” T h i s  i m p l i e s  m u t u a l  r o t a t i n g  i n  e n f o r c e m e n t
s i n c e  i m p l e m e n t a t o r s  q u i t e  o f t e n  h a v e  v e r y  f e w  c u e s  a s  t o  h o w  t o  d o  t h e i r  w o r k .
R i s k s  s h o u l d  i n v o l v e  b o t h  t h e  r e g u l a t o r  a n d  t h e  r e g u l a t e d . B u t ,  t o  w h a t
l a r g e r  d i m e n s i o n s  o f  i m p l i e d  c h a n g e  d o  a l l  s u c h  p r o b l e m a t i c  c o n d i t i o n s  o f
i m p l e m e n t a t i o n  r e f e r  t o ?

THE ATTRIBUTES OF CHANGE

U n d e r l y i n g  t h e  p r e v i o u s  d i s c u s s i o n  i s  t h e  m u c h  l a r g e r  c o n c e p t  o f  s o c i a l
c h a n g e  a n d  t h e  a s s o c i a t e d  p a r t s  o f  a  p r o c e s s  w h i c h  i n c l u d e s  d i f f u s i o n  o f  i n n o -
v a t i o n  a n d  r e s i s t a n c e  t o  c h a n g e . By  soc ia l  change, we broadly mean some al ter-
a t i o n  i n  t h e  s o c i a l  s y s t e m . T h e  q u e s t i o n  t h a t  a r i s e s  h e r e  i s  h o w  m u c h  a l t e r a -
t i o n  c o n s t i t u t e s  c h a n g e  a n d  t o  w h a t  e x t e n t  i n t r o d u c t i o n  o f  a  n e w  p o l i c y ,  a c t ,
o r  o t h e r  t y p e  o f  i n t e r v e n t i o n  c o n s t i t u t e s  o n l y  a  p a r t i a l  m o d i f i c a t i o n  r a t h e r
than  t ru l y  a  ma jo r  change .

There  i s  no  reason  to  en te r  in to  a  leng thy  a rgument  as  to  what  change o r
s o c i a l  c h a n g e  r e a l l y  i m p l y . I n  t h e  c o n t e x t  o f  w a t e r  r e s o u r c e s  p l a n n i n g  a n d
p a r t i c u l a r l y  w i t h  t h e  i n n o v a t i o n  i n t r o d u c e d  w i t h  t h e  p r o v i s i o n s  o f  P . L .  9 2 -
5 0 0 ,  i t  s h o u l d  b e  p o i n t e d  o u t  t h a t  a n y  t y p e  o f  a  n e w  w a t e r  l e g i s l a t i o n  c a n  b e
r e g a r d e d  a s  a n  i n n o v a t i o n  ( c h a n g e )  w i t h  t h e  p o t e n t i a l  f o r  e l i c i t i n g  a  r a n g e  o f
r e s p o n s e s  f r o m  a  v a r i e t y  o f  s o c i a l  u n i t s . The range of  responses would in
t i m e  g e n e r a t e  p r o c e s s e s  w h o s e  o u t c o m e s  c o u l d  a f f e c t  t h e  v i a b i l i t y  o f  e x i s t i n g
p r o j e c t s . A t  the  same t ime, s u c h  l e g i s l a t i o n  ( a s  w e l l  a s  a n y  t y p e  o f  w a t e r
r e s o u r c e  d e v e l o p m e n t )  h a s  t h e  p o t e n t i a l  o f  r e s t r u c t u r i n g  t h e  o p p o r t u n i t i e s
fo r  ac t  ion , a n d  f o r e c l o s i n g  o r  r e d u c i n g  e x i s t i n g  o n e s . T h e  t y p e  o f  s o c i a l
c h a n g e  i n i t i a t e d  b y  t h e  p r o v i s i o n s  o f  a  n e w  p o l i c y  w i l l  a f f e c t  t h e  d e g r e e  t o
w h i c h  i n n o v a t i o n  i s  a d o p t e d  b y  a  t a r g e t  p o p u l a t i o n ,  d e p e n d i n g  o n  t h e  p e r s p e c -
t i v e s , a s s u m p t i o n s  a n d  o p e r a t i o n a l  c a p a b i l i t i e s  o f  t h e  i m p l e m e n t i n g  a g e n c i e s .

T h e  l i t e r a t u r e  o n  c h a n g e ,  i n n o v a t i o n , d i f f u s i o n  a n d  u t i l i z a t i o n  p h e n o m e -
n a  i s  q u i t e  v o l u m i n o u s  a n d  i t  w i l l  b e  i m p o s s i b l e  e v e n  t o  s u m m a r i z e  t h e  m a j o r
e lements  t ranscend ing  such  a  d iscuss ion . Impor tan t  th roughout  here ,  however ,
i s  t h e  g e n e r a l  c o n n e c t i n g  c o n c e p t  o f  d i f f u s i o n  o f  i n n o v a t i o n . Key among al 1
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i n n o v a t i o n - d i f f u s i o n - u t i l i z a t i o n  c o n t i n u u m  o f  a n a l y s i s  a r e  t h e  f o l l o w i n g
fac to rs  (Have lock ,  1973)  :

1 .  L inkage or  the  number  and  var ie ty  o f  the  in te rac t i ve  ne tworks  be-
tween the features of the innovation-diffusion process.

2. S t r u c t u r e , o r  t h e  d e g r e e  o f  t h e  s y s t e m a t i c  o r g a n i z a t i o n  a n d  c o o r d i n a -
t i o n  o f  t h i s  p r o c e s s  ( i n c l u d i n g  s u c h  k e y  e l e m e n t s  o r  c o m p o n e n t s  o f  t h e
p r o c e s s  a s  t h e  s e n d e r ,  t h e  u s e r ,  t h e  m e s s a g e ,  a n d  t h e  i n n o v a t i o n  i t s e l f ) .

3. Openness, w h i c h  i s  a  c r i t i c a l  f a c t o r  i m p l y i n g  t h e  s o c i a l  c l i m a t e
r e g a r d i n g  t h e  f a v o r a b l e n e s s  o r  d e g r e e  o f  w i l l i n g n e s s  t o  c h a n g e .

4. C a p a c i t y ,  i n d i c a t i n g  t h e  c a p a b i l i t y  ( e s p e c i a l l y  o f  t h e  r e c e i v e r  u n i t )
t o  m a r s h a l l  d i v e r s e  r e s o u r c e s  i n  o r d e r  t o  a d o p t  a  p a r t i c u l a r  c h a n g e .

5. R e w a r d ,  o r  t h e  a m o u n t  o f  p o s i t i v e  r e i n f o r c e m e n t s  f o r  c o m p l i a n c e  w i t h
t h e  n e w  p r o v i s i o n s  o f  t h e  p o l i c y .

congruence of  
6. Proximity, involving the nearness in time, place and context, and the

t h e  i n n o v a t i o n  w i t h  o l d e r  s o c i e t a l  f o r m s  ( p a r t i c u l a r l y  i n
t h e  c a s e  o f  i r r i g a t i o n  r e t u r n  f l o w , t h e  f a m i l i a r i t y  o f  t h e  p r o p o s e d
c h a n g e  w i t h  e x i s t i n g  s o c i o - e c o n o m i c  c o n d i t i o n s ) .

7. Synergy ,  o r  the  number , v a r i e t y  a n d  p e r s i s t e n c e  o f  f o r c e s  t h a t  c a n  b e
m o b i l i z e d  t o  p r o d u c e  t h e  i n n o v a t i o n  e f f e c t .

Accord ing to the literature cited in the Reference and Bibliography
Sect ions ,  such fac to rs  can  be  used as  a  means  to  examine  the  var ious  d imens ions
o f  t h e  i n n o v a t i o n - d i f f u s i o n  p r o c e s s  a s  a  w h o l e . They can also help us examine
i n  t h e  p r e s e n t s t u d y  t h e  c h a n g e  i n i t i a t e d  b y  a  n e w  p o l i c y ,  s u c h  a s  P . L .  9 2 - 5 0 0 ,
i n  t h e  c o n t e x t o f  a  much  b roader  mode l  o f  d i f f us ion  and  u t i l i za t ion  phenomenon
based also on l a r g e r  c o m m u n i c a t i o n  p r i n c i p l e s . (“Who says what,  to whom, by
what  channe ls , a n d  t o  w h a t  e f f e c t ? “ )

T h e  l i t e r a t u r e  a t  t h i s  p o i n t  i s  q u i t e  e x t e n s i v e  c o n c e r n i n g  t h e  w h o l e
d iscuss ion  o f  adopt ing  innovat ions  and imp lement ing  change. l m p o r t a n t  f o r  o u r
argument,  however, a r e  t h e  f a c t o r s  t h a t  c o n t r i b u t e  t o  a  r e s i s t a n c e  t o  i n n o v a -
t ion. S u c h  f a c t o r s , i n  t h e  c o n t e x t  o f  i r r i g a t i o n  r e t u r n  f l o w ,  a r e  p a r t i c u -
l a r l y  i m p o r t a n t  b e c a u s e  t h e y  e x e m p l i f y  t h r e a t s  t o  t h e  e s t a b l i s h e d  s o c i a l
s t r u c t u r e . T h e  r e s i s t a n c e  t o  i n n o v a t i o n  i s  p r o p o r t i o n a l  t o  t h e  a m o u n t  o f
c h a n g e  r e q u i r e d  i n  t h e  s o c i a l  s t r u c t u r e  a s  w e l l  a s  p r o p o r t i o n a l  t o  t h e
s t r e n g t h s  o f  s o c i a l  v a l u e s  c h a l l e n g e s . C h a n g e s  a s s o c i a t e d  w i t h  i r r i g a t i o n
r e t u r n  f l o w  m e a s u r e s  p r o v i d e  u s  w i t h  a  d r a m a t i c  c a s e  o f  r e s i s t a n c e  t o  i n n o v a -
t i o n  b y  t h r e a t e n i n g  v e s t e d  i n t e r e s t , i n d i v i d u a l  l i f e s t y l e s  a n d  e x i s t i n g  n e t -
w o r k s  o f  l o n g - e s t a b l i s h e d  s o c i a l  v a l u e s  a n d  p r a c t i c e s .

T h e  r e v i e w  o f  l i t e r a t u r e  h a s  i d e n t i f i e d  q u i t e  a  n u m b e r  o f  s i g n i f i c a n t
f a c t o r s  r e l
cons idered
l i t e r a t u r e
for change;

a t e d  t o  t h e  i m p e t u s  f o r  i n n o v a t i o n  ( w h i c h  i n  t h e i r  o p p o s i t e  c a n  b e
a s  c o n s t r a i n t s  o r  r e s i s t a n c e  t o  i n n o v a t i o n ) . Such  fac to rs  f rom the
and f rom our  own ana lys is  invo lve : a )  t h e  r e c o g n i t i o n  o f  t h e  n e e d

b )  p r o j e c t  d e c i s i o n  e l e m e n t s , such as degree of  goal  congruence,
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o c c u r r e n c e  o f  f e a s i b i l i t y , r i s k ,  e s t i m a t e d  p r o b a b i l i t y  o f  s u c c e s s ,  e t c . ;
c )  p r o p o s e d  p o l i c y  s t r u c t u r e  a n d  p r o c e s s ,  s u c h  a s  c l a r i t y ,  e q u a l i z a t i o n ,  l e v e l
o f  p o l i c y  p l a n n i n g ,  r e s o u r c e s  r e q u i r e d ,  d e g r e e  o f  r e w a r d s ,  l e v e l  o f  i n t e r a c -
t i o n  w i t h  e x t e r n a l  s o u r c e s ,  e t c .  ; d )  o r g a n i z a t i o n a l  s t r u c t u r e  a n d  p r o c e s s ,
i n c l u d i n g  l e v e l  o f  c o o p e r a t i o n ,  c o m m u n i c a t i o n , c l a r i t y  a n d  n o n a m b i g u i t y  i n
d e m a n d s  a n d  r e s p o n s i b i l i t i e s ,  l e a d e r s h i p ,  r e s o u r c e s ,  e t c . ;  e )  o u t c o m e  c o n s i d -
e r a t i o n s , such as degree of  success, l e v e l  o f  a s s u m e d  p r o f i t a b i l i t y ,  i m p l e -
m e n t a b i l i t y  b y  t h e  u s e r ,  e t c . ; a n d  f )  m i s c e l l a n e o u s  f a c t o r s  i n c l u d i n g  r a t e
o f  adop t ion  o f  change , a v a i l a b i l i t y  o f  i n f o r m a t i o n ,  l e v e l  o f  l e a d e r s h i p  s u p -
p o r t , r e o r i e n t a t i o n  i n  p e r c e p t i o n s ,  e t c . A l l  t h e  a b o v e  s i m p l y  i m p l y  t h a t  t h e
a t t r i b u t e s  o f  c h a n g e  a n d  t h e  f a c t o r s  f a c i l i t a t i n g  o r  c o n s t r a i n i n g  i m p l e m e n t a -
t i o n  a r e  p a r t  o f  a  m u c h  m o r e  c o m p l e x  p r o c e s s  t h a t  i s  v e r y  d i f f i c u l t  t o  i s o l a t e .
T h e  i m p o r t a n t  p o i n t  t o  b e  u n d e r l i n e d  h e r e  i s  t h a t  t h e  p r o c e s s  o f  i m p l e m e n t a -
t i o n , a s  o u t l i n e d  h e r e  a n d  a s  p u r s u e d  t h r o u g h  t h e  c a s e  s t u d i e s ,  p o i n t s  o u t
t h a t  o n e  m u s t  r e c o g n i z e  e a r l y  t h e  n e e d  f o r  a n  e s t a b l i s h m e n t  o f  c l e a r  d e f i n i -
t i o n s  o f  t h e  p r o b l e m , t h e  a p p r o p r i a t e  o r g a n i z a t i o n a l  i n f r a s t r u c t u r e ,  a n d  t h e
c l a r i t y  a n d  u n d e r s t a n d i n g  o f  m a t c h i n g  t h e  i n t e n t  o f  t h e  l a w  w i t h  r e a l i s t i c
e x p e c t a t i o n s  o f  a f f e c t e d  p a r t i e s .

INNOVATION, DIFFUSION AND THE IMPLEMENTATION OF CHANGE

The
p a r t
ach i
P.L.
ind

Let us now expand the argument on change and water resources planning.
genera l  s ta tement  can  be  made tha t  s ince  wa te r  resources  a re  fo r  the  mos t

common property, s o m e  t y p e  o f  c o n t r o l  m u s t  b e  e x e r c i s e d  i n  o r d e r  t o
e v e  t h e  m o s t  s o c i a l l y  d e s i r a b l e  o r  b e s t  u s e  o f  t h e m . I n  t h i s  r e g a r d ,

9 2 - 5 0 0  i s  p a r t  o f  a  c o l l e c t i v e  e x p r e s s i o n  w h i c h  a f f e c t s  t h i s  c o n t r o l  o v e r
v i d u a l  a n d  g r o u p  a c t i o n s  v i a  i n s t i t u t i o n a l  a r r a n g e m e n t s ,  i . e . ,  a  s e t  o f

r u l e s  a n d  c r y s t a l l i z e d  n o r m s  w h i c h  i n v o l v e  e n t i t i e s  o r  o r g a n i z a t i o n s  w i t h  t h e
f u n c t i o n a l  r e s p o n s i b i l i t i e s  t o  i m p l e m e n t  t h e m . G i v e n  t h e  f a c t  t h a t  P . L .  9 2 -

500, a s  w e l l  a s  a n y  o t h e r  a t t e m p t  t o  r e c o n s t r u c t  e x i s t i n g  r u l e s  c o n c e r n i n g
w a t e r  q u a l i t y , i m p l i e s  n e w  o r g a n i z a t i o n s  f o r  i m p l e m e n t i n g  a n d  i n t e r p r e t i n g
them, t h e  q u e s t i o n  i s  h o w  d o e s  o n e  identify a good institutional arrangement?
O r ,  w h a t  a r e  t h e  a p p r o p r i a t e  e v a l u a t i v e c r i t e r i a ?

The  ques t ion  i s  a  fundamenta l  one ,
t h r o u g h o u t  t h e  s t u d y . These eva lua t ive
when we discussed the quest ion of a “bal

a n d  i t  h a s  b e e n  a t  t h e  f o r e f r o n t
c r i t e r i a  h a v e  b e e n  e a r l y  e s t a b l i s h e d
a n c e d ”  o r  a p p r o p r i a t e  s o l u t i o n  i n  a n

e a r l i e r  s e c t i o n  ( s e e  F i g u r e  4 ) . I n  l i g h t  o f  t h e  d i s c u s s i o n  i n  t h e  l i t e r a t u r e
a s  w e l l  a s  o f  e x p e r i e n c e s  g a i n e d , t h e  f o l l o w i n g  c h a r a c t e r i s t i c s  s e e m  t o  b e
p a r t i c u l a r l y  r e l e v a n t  t o  g e n e r a l i n s t i t u t i o n a l  a r r a n g e m e n t s ,  i d e n t i f i e d  w i t h
proper water resources management:

1. A  g o o d  i n s t i t u t i o n a l  a r r a n g e m e n t  f o r  w a t e r  r e s o u r c e s  p o l i c y  a n d  t h e
b a s i s  f o r  i m p l e m e n t a t i o n  i s  o n e  t h a t  u l t i m a t e l y  f a c i l i t a t e s  s o c i a l  c h o i c e .
A n y t h i n g  t h a t  a p p e a r s  t o  i n h i b i t  o r  p r e v e n t  t h e  v e r y  a c t  o f  c h o i c e ,  d e c i -
s i o n  o r  t h e  d i s c u s s i o n  o f  a  w i d e  r a n g e  o f  a l t e r n a t i v e s  w o r k s  a g a i n s t  t h e
f u n d a m e n t a l  p r i n c i p l e s  o f  g o o d  o r g a n i z a t i o n a l  s t r u c t u r e .

2 . I n s t i t u t i o n a l  a r r a n g e m e n t s  m u s t  a l s o  r e f l e c t  i n  s o m e  r e a s o n a b l e  w a y
w h a t  h a s  b e e n  c a l l e d  p o l i t i c a l  e f f i c a c y . T h i s  i m p l i e s  a n  i n c o r p o r a t i o n
o f  c o n s i d e r a t i o n s  c o n c e r n i n g  t h e  w i l l i n g n e s s  o f  a l l  p o l i t i c a l  a c t o r s  a n d
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u n i t s  t o  r u n  r i s k s  a n d  i n c u r  c o s t s  w h i c h  m a y  l o o k  a t  f i r s t  g l a n c e  q u i t e
u n r e a l i s t i c .

3. I n s t i t u t i o n a l  a r r a n g e m e n t s  m u s t  a l s o  f a c i l i t a t e  d e c i s i o n s  b a s e d  o n  a n
unders tand ing  o f  the  fa r - reach ing  consequences  resu l t i ng  f rom a  mix  o f
soc ia l  va lues  and  f rom an  expanded t ime hor i zon . T h i s  p a r t i c u l a r  c r i t e r -
i o n  i s  d i f f i c u l t  t o  a c h i e v e  b e c a u s e  i t  i n v o l v e s  n o t  o n l y  q u e s t i o n s  o f
s t r a t e g i c  u n c e r t a i n t y  w i t h  r e g a r d  t o  f u t u r e  e n v i r o n m e n t s ,  b u t  a l s o  m a x i -
m i z a t i o n  o f  e c o n o m i c  w e l f a r e  i n  c o n j u n c t i o n  w i t h  c o n s i d e r a t i o n s  o f  s o c i a l
v a l u e s . i n d e e d ,  t h e  p r o b l e m  i n  c u r r e n t  e n v i r o n m e n t a l  l e g i s l a t i o n  h a s
b e e n  t h a t  i n t e r e s t e d  p a r t i e s  i n  w a t e r  q u a l i t y  m a n a g e m e n t  h a v e  u s e d  d i f -
f e r e n t  w a y s  o f  w e i g h i n g  a  v a r i e t y  o f  b e n e f i t s  a n d  c o s t s .  T h e  d e b a t e  o n
i n s t i t u t i o n a l  a r r a n g e m e n t s  m u s t  c o n s i d e r  n o t  o n l y  n e t  m a t e r i a l  b e n e f i t s
o f  i n d i v i d u a l s  a n d  g r o u p s ,  b u t  a l s o  s u c h  i n t a n g i b l e s  a s  s o c i a l  w e l l - b e i n g
a n d  q u a l i t y  o f  l i f e .

4. Ins t i tu t iona l  a r rangements  mus t  a lso  recogn ize  a  dec is ion-mak ing
p r o c e s s  w h i c h  t a k e s  i n t o  a c c o u n t  t h e  p r e f e r e n c e s  a n d  i n t e r e s t s  o f  t h o s e
c l e a r l y  a f f e c t e d  b y  p a r t i c u l a r  p o l i c y  d e c i s i o n s . T h i s  c o n s i d e r a t i o n
p o i n t s  t o  t h e  o b v i o u s ,  n a m e l y , t h a t  t h e  i n t e r e s t s  n e e d  n o t  o n l y  t o  b e
a r t i c u l a t e d  b y  a p p r o p r i a t e  o r g a n i z a t i o n s ,  b u t  a l s o  m u s t  b e  t a k e n  i n t o
a c c o u n t  f o r  u n i t s ,  i n d i v i d u a l s , o r  g roups  tha t  cons t i tu te  what  may be
c a l l e d  “ s i l e n t  c o n s t i t u e n c i e s . ”

5 . An  idea l  t ype  o f  ins t i tu t iona l  a r rangement  mus t  a lso  have  some con-
s t r a i n t s  o n  t h e  l o s s e s  t h a t  i t  c a n  i m p o s e  o n  t h e  i n d i v i d u a l  a n d  o n  t h e
c o s t s  r e q u i r e d  f o r  i t s  i m p l e m e n t a t i o n . T h i s  r e q u i r e s  a  m i x  o f  m a t e r i a l
a n d  n o n m a t e r i a l  b e n e f i t s  a n d  c o s t s  a s  w e l l  a s  t h e  p o t e n t i a l  d e p r i v a t i o n
o f  a  c e r t a i n  w a y  o f  l i f e  h i g h l y  v a l u e d  b y  t h e  a f f e c t e d  p a r t i e s .

6. F i n a l l y , a  good  ins t i tu t iona l  a r rangement  mus t  a lso  p roduce  dec is ions
w h i c h  n o t  o n l y  a r e  a c c e p t a b l e  a s  l e g i t i m a t e ,  b u t  a r e  a l s o  t h e  r e s u l t  o f  a
ba lance  be tween what  i s  des i rab le  and  accep tab le .  Th is  po in t  has  been
m a d e  e a r l i e r  i n  t h e  d i s c u s s i o n  o f  h o w  o n e  a r r i v e s  a t  a  “ b a l a n c e d ”  d e c i -
s i o n  a n d  r u n s  t h r o u g h o u t  t h e  p r o c e s s  o f  i m p l e m e n t a t i o n  o u t l i n e d  i n  p r e -
v i o u s  p a g e s  a n d  i n  t h e  m a t e r i a l  o f  t h e  c a s e  s t u d i e s . In  essence,  a
“good” i n s t i t u t i o n a l  a r r a n g e m e n t  r e c o g n i z e s  t h e  d e g r e e  t o  w h i c h  a l l
c r i t e r i a  o u t l i n e d  a b o v e  c o m e  o u t  a s  a  r e s u l t  o f  a  p r o p e r  m i x  t h a t  b a l -
a n c e s  w h a t  i s  l e g a l l y  a p p r o p r i a t e ,  e c o n o m i c a l l y  v i a b l e ,  s o c i a l l y  a c c e p t -
a b l e , a n d  p o l i t i c a l l y  f e a s i b l e , a s  w e l l  a s  t e c h n o l o g i c a l l y  s o u n d .

I n  c o n t i n u i n g  t h e  d i s c u s s i o n  o n  c r i t e r i a  f o r  a d o p t i n g  c h a n g e s  a n d  f o r
t h e  d e v e l o p m e n t  o f  i n s t i t u t i o n a l  m e c h a n i s m s  f o r  i m p l e m e n t i n g  c h a n g e ,  i t  i s
o b v i o u s  t h a t  t h e  s e t  o f  q u a l i t i e s  o u t l i n e d  b e f o r e  s u g g e s t  a  w h o l e  s e t  o f  i n t e r -
l o c k i n g  p r o p o s i t i o n s  i n  t h e  d i f f u s i o n - i n n o v a t i o n  p r o c e s s .  U s i n g  a g a i n  t h e
g e n e r a l  l i t e r a t u r e  o n  t h e  d i f f u s i o n - i n n o v a t i o n  p r o c e s s ,  p o l i c i e s ,  o r g a n i z a -
t ions and change, i m p l e m e n t a t i o n  e f f o r t s  m u s t  a l s o  c o n s i d e r  s u c h  a d d i t i o n a l
f a c t o r s  a s : a )  r e l i a b i l i t y ,  o r  t h e  e x t e n t  t o  w h i c h  a  p o l i c y  c a n  w o r k  a s
i n t e n d e d  a n d  t h a t  i n s t i t u t i o n s  d e v i s e d  c a n  a d e q u a t e l y  f u n c t i o n  w i t h i n  t h e
c o n t e x t  o f  t h e  e x p e c t a t i o n s  f o r  t h e i r  o p e r a t i o n ;  b )  i m p l e m e n t a t i o n  c o s t s ,
i n c l u d i n g  t h e  a d m i n i s t r a t i o n  o f  t h e  p o l i c y  ( e s p e c i a l l y  c o s t s  o f  e n f o r c e m e n t ) ,
a s  w e l l  a s  t h e  e f f e c t  u p o n  t h e  p u b l i c  a n d  p r i v a t e  s e c t o r ;  c )  e f f i c i e n c y  a n d
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e f f i c a c y ,  i m p l y i n g  t h e  e x t e n t  t o  w h i c h  t h e  p r o p o s e d  p o l i c y  a n d  c h a n g e  s h o u l d
a v o i d  s h o r t - r u n  t e c h n i c a l  a n d  a l l o c a t i o n a l  i n e f f i c i e n c y ,  r e s p o n d i n g  a t  t h e
s a m e  t i m e  w i t h  s e n s i t i v i t y  t o  q u e s t i o n s  o f  l o n g - r a n g e  s o c i a l  e f f e c t i v e n e s s ;
d )  s t o c h a s t i c  f l e x i b i l i t y ,  o r  w h a t  i n  t h e  l i t e r a t u r e  h a s  b e e n  r e f e r r e d  t o  a s
a  r e s p o n s e  t o  v a r i a t i o n s  i n  t h e  s t a t e  o f  t h e  s u r r o u n d i n g  s y s t e m  a n d  t h e  e x t e n t
t o  w h i c h  t h a t  f l e x i b i l i t y  i s  v a l u e d  g i v e n  i t s  c o s t s  a n d  g a i n s ;  e )  d y n a m i c

adaptability or the extent to which the policy can be self-correcting
d)  distribution equity a n d  t h e  q u e s t i o n  o f  e q u a l i z a t i o n  o f  g a i n s  a n d  c o s t s
of  the proposed programs, bo th  w i th in  and  among income,  occupa t ion ,  cu l tu re ,
a n d  g e o g r a p h i c  g r o u p s ;  a n d  g )  s o c i a l  a n d  p o l i t i c a l  e f f e c t s , o r  t h e  l o n g - r a n g e
s o c i o - p o l i t i c a l  a r r a n g e m e n t s  a n d  p r o c e s s e s  t h a t  w o u l d  n o t  i n j u r e  t h e  v i a b i l i t y
o f  o t h e r  p r o g r a m s  a n d / o r  o t h e r  i n s t i t u t i o n s .

T h e r e  a r e  m a n y  m o r e  c r i t e r i a  t h a t  o n e  c o u l d  c o n s i d e r  h e r e ,  a n d  t h e  l i t e r -
a t u r e  a b o u n d s  i n  s u c h  c o n s i d e r a t i o n s  a s  e n v i r o n m e n t a l  r i s k  a v e r s i o n s ,  p s y c h o -
l o g i c a l  i m p a c t , economic consequences, etc. A l l  s u c h  i t e m s  a r e  p a r t  o f  s e t s
o f  c r i t e r i a  a n d  c o n s i d e r a t i o n s  t h a t  a r e  u s e f u l  i n  i m p l e m e n t i n g  c h a n g e s  s u c h  a s
t h e  o n e s  o u t l i n e d  i n  t h e  i n n o v a t i v e  p r o v i s i o n s  o f  P . L .  9 2 - 5 0 0 .

T u r n i n g  n o w  t o  t h e  c o n c r e t e  s t e p s  o f  t h e  p r e s e n t  s t u d y ,  o n e  s h o u l d  r e c a l l
t h e  m e t h o d o l o g i c a l  p r e m i s e s  a n d  p h a s e s  o f  r e s e a r c h  o u t l i n e d  e a r l i e r  i n
S e c t i o n  4 . Four  phases  have  been used  in  d iscuss ing  the  p rocess  o f  imp lement -
a t i o n : a )  s y s t e m a t i c  m a p p i n g  o r  p r o b l e m  d e s c r i p t i o n ;  b )  i d e n t i f i c a t i o n  o f
p o t e n t i a l  s o l u t i o n s  o r  g e n e r a t i o n  o f  a l t e r n a t i v e s ;  c )  a s s e s s m e n t  a n d  e v a l u a -
t i o n  o f  p o t e n t i a l  s o l u t i o n s ; a n d  d )  b u i l d i n g  t h e  b a s i s  f o r  i m p l e m e n t a t i o n .

I t  i s  i m p o r t a n t  t o  c o n c e n t r a t e  a t  t h e  l a s t  t w o  p h a s e s  i n  o r d e r  t o  l i n k
e a r l i e r  d e s c r i p t i v e  e f f o r t s  w i t h  t h e  m o r e  s p e c i f i c  ( a n d  r e l e v a n t  a t  t h i s
p o i n t )  p r o c e s s  o f  d e c i s i o n - m a k i n g . The  re levan t  e lement  i s  the  need  fo r  a
c r i t i c a l  a s s e s s m e n t . Ut i l i z ing  the  work  o f  Jan is  and  Mann (1977) ,  we can
d i s t i n g u i s h  f i v e  s t a g e s  a s s o c i a t e d  w i t h  c r i t i c a l  a s s e s s m e n t  a n d  d e c i s i o n -
making:

1. A p p r a i s i n g  t h e  c h a l l e n g e , or  the  ex ten t  to  wh ich  one can main ta in  an
a t t i tude  o f  complacency  abou t  whatever  course  o f  ac t ion  mus t  be  pursued .
T h e  q u e s t i o n  t h a t  i s  b e i n g  r a i s e d  d u r i n g  t h i s  f i r s t  s t a g e  i s  t h e  e x t e n t
t o  w h i c h  t h e  r i s k s  a r e  s e r i o u s , i f  c u r r e n t  p r a c t i c e s  a r e  n o t  c h a n g e d .
I n  t h e  c o n t e x t  o f  i r r i g a t i o n  r e t u r n  f l o w , a n  e v e n t  m a y  d i s t u r b  t h e  e q u i -
n i m i t y  o f  a  p a r t i c u l a r  g r o u p  b e c a u s e  t h r e a t s  p o s e d  b y  t h i s  e c o l o g i c a l
p rocess  can  no  longer  be  ignored . Cha l leng ing  in fo rmat ion  may  be  gener -
a ted  by  impress ive  communica t ions  tha t  a rgue  in  favor  o f  a  new course  o f
a c t i o n ; o r  by  lega l l y  imposed  manda tes  o f  change .

2 . S u r v e y i n g  a l t e r n a t i v e s . D u r i n g  t h a t  s t a g e  a n d  a f t e r  t h e  c o n f i d e n c e
o r  d e s i r a b i l i t y  o f  o l d  p r a c t i c e s  h a v e  b e e n  s h a k e n  b y  t h e  i n f o r m a t i o n
c o n t a i n e d  i n  t h e  c h a l l e n g e  ( i n  t h i s  c a s e , the  prov is ions  o f  P .L .  92 . -500
u n e q u i v o c a l l y  a n d  u n a m b i g u o u s l y  m a i n t a i n  t h a t  i r r i g a t i o n  r e t u r n  f l o w  i s
a  p rob lem) , t h e n  i n d i v i d u a l s  a n d  g r o u p s  b e g i n  t o  f o c u s  a t t e n t i o n  o n  o n e
o r  m o r e  a l t e r n a t i v e s . I t  i s  a t  t h i s  s t a g e  t h a t  d e c i s i o n - m a k e r s  a r e
i n c l i n e d  t o  c l i n g  t o  t h e  p o l i c y  w h i c h  t h e y  a r e  c u r r e n t l y  c o m m i t t e d  t o ,
i f  p o s s i b l e . On ly  a f te r  be ing  exposed  to  a  power fu l  cha l lenge  o r  a
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persuasive argument, a f f e c t e d  p a r t i e s  o r  d e c i s i o n - m a k e r s  c a n  r e a l l y
s e a r c h  f o r  f r e s h  i n f o r m a t i o n  a b o u t  b e t t e r  a l t e r n a t i v e s .

3. W e i g h i n g  a l t e r n a t i v e s . A t  t h i s  s t a g e  o f  d e c i s i o n - m a k i n g ,  d e l i b e r a -
t ions  beg in  about  the  advantages  and d isadvantages  o f  each a l te rna t ive
u n t i l  d e c i s i o n - m a k e r s  f e e l  r e a s o n a b l y  c o n f i d e n t  a b o u t  s e l e c t i n g  t h e  o n e
t h a t  w i l l  b e s t  m e e t  t h e i r  o b j e c t i v e s . I t  i s  h e r e  t h a t  t h e  d i s c u s s i o n
o f  i r r i g a t i o n  r e t u r n  f l o w  s e e m s  t o  b e  p a r t i c u l a r l y  r e l e v a n t  i n  t h a t  i t
p e r m i t s  t h e  c r e a t i o n  o f  a  b a l a n c e d  s e t  t h a t  m u s t  b e  e v a l u a t e d  i n  o r d e r
f o r  v i g i l a n t  a f f e c t e d  p a r t i e s  t o  b e c o m e  a w a r e  o f  t h e  g a i n s  a n d  l o s s e s  t h a t
h a v e  n o t  p r e v i o u s l y  b e e n  t a k e n  i n t o  c o n s i d e r a t i o n .  A l t h o u g h  t h e r e  i s  t h e
p o s s i b i l i t y  o f  f u t u r e  r e g r e t , dec is ion -makers  here  become very  ca re fu l
i n  t h e  a p p r a i s a l  o f  a l t e r n a t i v e s , i n  t h a t  t h e r e  i s  a  s e a r c h  f o r  i n f o r m a -
t i o n  t h a t  w o u l d  b e  s u p p o r t i v e  o f  t h e  a l t e r n a t i v e s  t h a t  a r e  b e i n g
d iscussed.

4. De l ibe ra t ing  abou t  commi tment , o r  t h e  e x t e n t  t o  w h i c h  t h e  i m p l e m e n t a -
t i o n  o f  t h e  b e s t  a l t e r n a t i v e  c a n  t a k e  p l a c e . I n  t h i s  p a r t  o f  t h e
dec is ion-mak ing  p rocess , the  genera l  p rov is ions  and in  many respec ts
i n t e r p r e t a b l e  p r o v i s i o n s  o f  t h e  l a w  b e c o m e  t h e  n o d a l  p o i n t  f o r  i m p l e m e n t -
i n g  d e c i s i o n s  b y  r e a l i z i n g  t h a t  b o t h  i m p l e m e n t e r s  a n d  a f f e c t e d  p a r t i e s
a r e  “ l o c k e d  i n t o ”  a  p a r t i c u l a r  a l t e r n a t i v e .  T h i s  r e a l i z a t i o n  i n  t h e
d e c i s i o n - m a k i n g  t h e o r y  m a k e s  f o r  r e c o n s i d e r a t i o n  o f  j u s t  h o w  s e r i o u s  t h e
r i s k s  i n v o l v e d  m i g h t  b e . A  l o t  o f  t h e  d i s c u s s i o n  a b o u t  t h e  p r o v i s i o n s
o f  P . L .  9 2 - 5 0 0  a n d  i t s  n o n p o i n t  s o l u t i o n  h a v e  t o  d o  n o t  o n l y  w i t h  t h e
r e a l  e s s e n c e  o f  S t a g e  1  ( t h e  a p p r a i s i n g  o f  t h e  c h a l l e n g e ) ,  b u t  t o  w h a t
e x t e n t , o n c e  c o m m i t t e d  t o  a  p a r t i c u l a r  a l t e r n a t i v e ,  t h e r e  m a y  b e  f a r -
reach ing  r i sks  and consequences  invo lved .

5. Adher ing  desp i te  negat ive  feedback . D u r i n g  t h i s  l a s t  s t a g e ,  m a n y
d e c i s i o n s  ( a n d  i n  o u r  c a s e  t h e  d e c i s i o n  t o  i m p l e m e n t  P . L .  9 2 - 5 0 0 )  g o
t h r o u g h  a  r e l a t i v e  q u i e t  p e r i o d  u n t i l  u n f a v o r a b l e  e v e n t s  o r  c o m m u n i c a -
t i o n s  b e c o m e  n e g a t i v e  f e e d b a c k  i n  t h e  f o r m  o f  p o t e n t i a l  c h a l l e n g e s  t o
the  newly  adopted  po l i cy . P o s t - d e c i s i o n a l  b o l s t e r i n g  o f  t h e  c o u n t e r -
a r g u m e n t  a n d  i n c r e a s e d  i n t e r p r e t a t i o n  o f  t h e  p r o v i s i o n s  ( w h i c h  t o  s t a r t
w i t h  h a v e  n o t  b e e n  c l e a r l y  t h o u g h t  o u t )  r a i s e  t h e  t h r e s h o l d  f o r
respons iveness  to  cha l lenges . T h e  c o n c l u s i o n  d u r i n g  t h e  l a s t  s t a g e
( w h i c h  i s  v e r y  i m p o r t a n t  i n  t h a t  a  l o t  o f  r e g r e t  a n d  p o s t - d e c i s i o n a l
b a c k t r a c k i n g  i s  t a k i n g  p l a c e )  i s  t h a t  t h e  d e c i s i o n - m a k e r ’ s  c a p a c i t y  t o
to le ra te  nega t i ve  feedback  depends  a lso  on  how comple te ly  and  accura te ly
the  dec is ion-maker  has  worked  ou t  the  dec is iona l  ba lance  shee t  dur ing
t h e  p r e c e d i n g  s t a g e s  o f  a r r i v i n g  a t  t h e  d e c i s i o n .

T h e  i m p l i c a t i o n s  o f  a l l  t h e  a b o v e  a r e  r a t h e r  o b v i o u s  n o t  o n l y  t h e o r e t i c a l l y ,
b u t  a l s o  f o r  t h e  c a s e s  a n a l y z e d  i n  t h e  p r e s e n t  s t u d y . I f  t h e  d e c i s i o n a l  b a l -
ance  shee t  i s  based  on  an  ambiguous  appra isa l  o f  the  p roposed  change,  i f  the
a l t e r n a t i v e s  s u r v e y e d  d o  n o t  h a v e  a c c e p t a b l e  m e a n s  f o r  d e a l i n g  w i t h  t h e
change, a n d  i f  t h e  w e i g h i n g  o f  t h e  a l t e r n a t i v e s  d o  n o t  m e e t  c e r t a i n  r e q u i r e -
ments, then  the  de l ibera t ion  about  commi t t ing  one  to  a  g iven  op t ion  becomes
d i f f i c u l t  a n d ,  t h e r e f o r e , n e g a t i v e  f e e d b a c k  m a k e s  d i f f i c u l t  t h e  u l t i m a t e
i m p l i c a t i o n .
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I n  o r d e r  t o  s u c c e s s f u l l y  i m p l e m e n t  n e w  m e a s u r e s  f o r  i r r i g a t i o n  r e t u r n
f l o w  q u a l i t y  c o n t r o l , w e  n e e d  t o  u n d e r s t a n d  n o t  o n l y  e x i s t i n g  d i m e n s i o n s  o f
t h e  p r o b l e m ,  b u t ,  m o r e  i m p o r t a n t l y , the  dynamic  p rocess  o f  assess ing  and eva l -
u a t i n g  a l t e r n a t i v e s  t h r o u g h  w h i c h  i m p l e m e n t a t i o n  b e c o m e s  f e a s i b l e . Two key
a s p e c t s  o f  t h i s  p r o c e s s  a r e  e s p e c i a l l y  i m p o r t a n t . F i r s t ,  t h e  s t r u c t u r a l
f e a t u r e s  t h a t  m a k e  e f f e c t i v e  i m p l e m e n t a t i o n  p o s s i b l e  ( i . e . ,  t h e  i n s t i t u t i o n a l
i n f r a s t r u c t u r e  t h a t  g u a r a n t e e s  t h e  u t i l i z a t i o n  o f  a  v a r i e t y  o f  t e c h n o l o g i e s  i n
a  g iven  soc io -economic  env i ronment ) . And,  second ly , the  dynamic  p rocess  o f
i m p l e m e n t a t i o n  w h i c h  c o i n c i d e s  w i t h  t h e  m o r e  g e n e r a l  q u e s t i o n  o f  b r i n g i n g
a b o u t  c h a n g e  ( i . e . , t h e  s t a g e s  n e c e s s a r y  f o r  b r i n g i n g  a b o u t  d e s i r e d  a l t e r a -
t i o n s  i n  t h e  w a y  p e o p l e  d o  t h i n g s ) .

A  c o n t r o v e r s i a l  b u t  h i g h l y  i m p o r t a n t  p o i n t  i s ,  t h e n ,  t h e  s i m p l e ,  s t r a i g h t -
f o r w a r d  q u e s t i o n : how a re  we  go ing  to  imp lement  an  accep tab le ,  reasonab le ,
f e a s i b l e , realistic, and, i f  n o t h i n g  e l s e , manda ted  so lu t ion?  Be fo re  p roceed-
i n g  w i t h  s o m e  g e n e r a l  n o t i o n s  a s  t o  t h e  b u i l d i n g  o f  a  b a s i s  f o r  i m p l e m e n t a t i o n ,
w e  c a n  t h e o r e t i c a l l y  s u r m i s e  t h a t  s u c h  a n  i m p l e m e n t a t i o n  c a p a b i l i t y  i m p l i e s  a t
t h e  v e r y  l e a s t : a )  knowledge  abou t  the  need  fo r  change ;  b )  the  bu i ld ing  o f  a
d e c e n t r a l i z e d  d e c i s i o n - m a k i n g  c a p a b i l i t y ; c )  c o m m u n i c a t i o n  o f  t h e  d e c i s i o n  t o
a l l  a f f e c t e d  p a r t i e s ;  d )  p r o p e r  t i m i n g ; a n d  e )  r e s p e c t  f o r  l o c a l  c o n d i t i o n s
a n d  r e s p o n s i v e n e s s  t o  s p e c i f i c  p r o b l e m a t i c  s i t u a t i o n s .

BUILDING THE BASIS FOR IMPLEMENTATION EFFORTS

W e  h a v e  n o w  r e a c h e d  a  c r i t i c a l  p o i n t  i n  o u r  a n a l y s i s  i n  t h a t  w e  s h o u l d
a t tempt  to  conc lude  what  imp lementa t ion  e f fo r ts  may  invo lve  beyond the  p rocess
t h a t  w e  d e s c r i b e d  e a r l i e r ,  n a m e l y , t h e  d e f i n i t i o n  o f  t h e  p r o b l e m ,  a n a l y s i s  o f
a l t e r n a t i v e s ,  a s s e s s m e n t ,  e v a l u a t i o n ,  a n d  d e c i s i o n - m a k i n g .

An  in te res t ing  mode l  o f  the  po l i cy  imp lementa t ion  p rocess  has  been  deve l -
oped by  Thomas B.  Smi th  (1973)  who has  v iewed po l i c ies  as  de l ibera te  ac t ions
b y  g o v e r n m e n t  i n  o r d e r  t o  e s t a b l i s h  n e w  t r a n s a c t i o n  p a t t e r n s  o n  i n s t i t u t i o n s
o r  t o  c h a n g e  e s t a b l i s h e d  p a t t e r n s  w i t h i h  o l d  i n s t i t u t i o n s . I n  t h i s  r e g a r d ,
p o l i c y  f o r m u l a t e d  b y  a  g o v e r n m e n t  s e r v e s  a s  a  t e n s i o n - g e n e r a t i n g  f o r c e  i n
s o c i e t y . I n  t h i s  t y p e  o f  a  m o d e l  ( w h i c h  h a s  b e e n  w i d e l y  a c c e p t e d  i n  t h e
l i t e r a t u r e ) , t h e  p o l i c y  i m p l e m e n t a t i o n  p r o c e s s  c a n  b e  s e e n  a s  i n v o l v i n g  f o u r
components:

1. T h e  i d e a l i z e d  p o l i c y ,  t h a t  i s , t h e  i d e a l i z e d  p a t t e r n s  o f  i n t e r a c t i o n
t h a t  t h e  p o l i c y - m a k e r s  a r e  a t t e m p t i n g  t o  i n d u c e . F o u r  r e l e v a n t  c a t e g o r -
i e s  o f  v a r i a b l e s  c o m p r i s e  t h i s  i d e a l i z e d  p o l i c y : a )  t h e  f o r m a l  p o l i c y ;
b )  t h e  t y p e  o f  p o l i c y ;  c )  t h e  p r o g r a m ;  a n d  d )  i m a g e s  o f  t h e  p o l i c y .

2. The  ta rge t  g roup ,  de f ined  as  those  who a re  requ i red  to  adop t  new
p a t t e r n s  o f  i n t e r a c t i o n  b y  t h e  p o l i c y , o r  t h e  p e o p l e  m o s t  d i r e c t l y
a f fec ted  by  the  po l i cy  and  who  mus t  change  to  meet  the  demands  o f  the
p o l i c y . A  n u m b e r  o f  f a c t o r s  a r e  p a r t i c u l a r l y  r e l e v a n t  h e r e  s u c h  a s  t h e
d e g r e e  o f  i n s t i t u t i o n a l i z a t i o n  o r  o r g a n i z a t i o n  o f  t h e  t a r g e t  g r o u p ;  t h e
l e a d e r s h i p  p a t t e r n s ;  a n d , t h e  p r i o r  p o l i c y  e x p e r i e n c e  o f  t h e  t a r g e t
group.
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3. The  imp lement ing  o rgan iza t ion , u s u a l l y  u n i t s  o f  g o v e r n m e n t a l  b u r e a u -
c r a c y  r e s p o n s i b l e  f o r  t h e  i m p l e m e n t a t i o n  o f  p o l i c y . Three  key  var iab les
f u r t h e r  e x p l i c a t e  t h i s  c o m p o n e n t : a )  t h e  s t r u c t u r e  a n d  p e r s o n n e l ;  b )  t h e
l e a d e r s h i p  o f  t h e  a d m i n i s t r a t i v e  o r g a n i z a t i o n ;  a n d  c )  t h e  i m p l e m e n t i n g
program and capaci ty.

4. Environmental factors, o r  those  e lements  in  the  env i ronment ,  tha t
i n f l u e n c e  o r  a r e  i n f l u e n c e d  b y  t h e  p o l i c y  i m p l e m e n t a t i o n . They  inc lude
t h e  h o s t  o f  s o c i o - d e m o g r a p h i c ,  c u l t u r a l ,  p o l i t i c a l ,  e c o n o m i c  c o n d i t i o n s ,
a s  w e l l  a s  t h e  l e g a l  c o n t e x t  o u t l i n i n g  t h e  p a r t i c u l a r  p o l i c y .

Th is  genera l  mode l  o f  the  po l i cy  imp lementa t ion  p rocess  can  be  seen  in
F igure  16 .

Policymaking
Process ------> Policy

Feedback <---------- institutions

-
SOURCE: Smi th ,  1973,  p .  203 .

F igure  16 . A  mode l  o f  the  po l i cy  imp lementa t ion  p rocess .

Us ing  as  a  backdrop  th i s  genera l  mode l  o f  the  imp lementa t ion  p rocess ,
w e  c a n  f u r t h e r  e l a b o r a t e  s o m e  c r i t i c a l  d i m e n s i o n s  a f f e c t i n g  e f f o r t s  f o r  e x e -
c u t i n g  f o r m u l a t e d  p o l i c i e s . To  s ta r t  w i th ,  we  can  bor row f rom Brunswick ’s
l e n s  m o d e l  ( B r u n s w i c k ,  1 9 5 2 ) . The  lens  mode l  assumes tha t  ind iv idua ls
r a r e l y  h a v e  d i r e c t  a c c e s s  t o  t h e  d e p t h  v a r i a b l e  ( t h e  d i s t a l  s t a g e )  t h a t  t h e y
mus t  j udge . I n s t e a d ,  t h e  e n v i r o n m e n t  g i v e s  r i s e  t o  a  n u m b e r  o f  s u r f a c e  v a r -
i a b l e s  ( p r o x i m a l  c u e s )  o f  i m p e r f e c t  r e l i a b i l i t y  a n d  v a l i d i t y  u p o n  w h i c h  t h e y
m u s t  b a s e  t h e i r  i n f e r e n c e s . T h u s ,  t h e r e  i s  a  z o n e  o f  a m b i g u i t y  t h a t  l i e s
b e t w e e n  t h e  o b s e r v a b l e  p r o x i m a l  c u e s  a n d  t h e  u n o b s e r v a b l e  d i s t a l  s t a t e .  I t
i s  t h e  p r o p e r t i e s  o f  t h i s  c o n c e p t u a l  s p a c e  t h a t  e v o k e  d i f f e r e n t  j u d g m e n t
p r o c e s s e s  a n d  t h a t  m a k e  j u d g m e n t  t a s k s  m o r e  o r  l e s s  d i f f i c u l t .

P e r c e p t i o n ’ s  r o l e  i n  i n n o v a t i o n  a n d  c h a n g e  i s  c r u c i a l . In many regards,
t h e  c o g n i t i v e  c a p a b i l i t i e s  o f  i n d i v i d u a l s  d e t e r m i n i n g  t h e  t y p e  a n d  d e g r e e  o f
i m p a c t  t h a t  i n n o v a t i o n s  h a v e  ( a n d  c o n v e r s e l y  a f f e c t  t h e  r a t e  a n d  e x t e n t  o f
imp lementa t ion ) . I t  i s  i m p o r t a n t ,  t h e r e f o r e , to  expand  our  concep tua l  f rame-
w o r k  b y  i n c o r p o r a t i n g  e l e m e n t s  o f  a  p r o c e s s  o f  “ c o g n i t i v e  o r i e n t a t i o n . ”
D i f f e r e n t  i n d i v i d u a l s  a n d  o r g a n i z a t i o n s  p e r c e i v e  m e a n i n g  i n  t h e  w o r l d  b y
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t h e i r  r e s p e c t i v e  w a y s  o f  o r g a n i z i n g  t h e  v a r i o u s  s t i m u l i  i n  t h e  s u r r o u n d i n g
env i ronment . Mean ing,  then, b e c o m e s  a  r e s u l t  o f  “ c o n f i g u r a t i o n ”  o r  t h e  p a t -
t e r n i n g  o f  v a r i o u s  e l e m e n t s  i n  t h e  s u r r o u n d i n g  w o r l d . T h i s  p a t t e r n i n g  i s
d e v e l o p e d  b y  t h e  r e c e i v e r ’ s  c o g n i t i v e  s t r u c t u r e  w h i c h  c h a n n e l s  t o  v a r i o u s
degrees  what  the  rece iver  sees  and, t h e r e f o r e ,  o r g a n i z e s  w h a t  i s  m e a n i n g f u l .

G i v e n  t h i s  u n d e r s t a n d i n g , i n n o v a t i o n  o r  c h a n g e  ( a n d  i n  t h i s  c o n t e x t  t h e
p r o v i s i o n s  o f  P . L .  9 2 - 5 0 0 )  a r e  p a r t  o f  a  p r o c e s s  o f  “ c o n f i g u r a t i o n , ”  i . e . ,
t h e  c o m b i n i n g  o f  t w o  o r  m o r e  e l e m e n t s  n o t  p r e v i o u s l y  r e l a t e d ,  e s p e c i a l l y  a s
e x e m p l i f i e d  i n  t h e  p r o v i s i o n s  f o r  c o n t r o l l i n g  n o n p o i n t  p o l l u t i o n . Implement-
ing  an  innovat ion  (new po l i cy )  becomes,  then , t h e  p r o c e d u r e  f o r  e s t a b l i s h i n g
a  con f igura t ion  among a  popu la t ion  wh ich , i f  s u c c e s s f u l ,  w i l l  b e  i n s e r t e d  i n t o
t h e  i n s t i t u t i o n a l  f a b r i c  o f  t h e  s o c i a l  s y s t e m  a n d ,  t h u s ,  b e c o m e  “ a d o p t e d . ”
The  p rocedure  fo r  imp lement ing  can  be  desc r ibed  by  a  new te rm,  tha t  o f
“ c l o s u r e . ” C l o s u r e  i n  t h i s  c o n t e x t  i s  t h e  c o m p l e t i o n  o f  a  c o n f i g u r a t i o n .  A
c o n f i g u r a t i o n  t h a t  d o e s  n o t  c o m p l e t e  i n d u c e s  t e n s i o n . T h e  p r o b l e m ,  t h e n ,  i s
t o  e f f e c t  c l o s u r e  i n  s u c h  a  c o n f i g u r a t i o n a l  p a t t e r n  a s  t o  a d a p t  t o  t h e  e n v i r o n -
men t  and  become accep tab le  and  pa r t  o f  the  la rge r  soc ia l  f ab r i c .

The key  ques t ion  here  i s  how one ach ieves  c losure . C losure  i s  ach ieved
by  p resen t ing  the  innova t ion  in  such  a  manner  as  to  be  in  an  imp lementab le
form. Th is  can  be  done  th rough  a  p rocess  tha t  may  be  labe led  as  “b racke t ing ”

(Bruner, 1957). B r a c k e t i n g  i s  b a s e d  o n  a  n u m b e r  o f  p r i n c i p l e s  a n d  c o n s t r a i n t s
d e s c r i b e d  e a r l i e r . T h i s  g r a d u a l  n a r r o w i n g  o f  t h e  c a t e g o r y  i n  w h i c h  a  p o l i c y
i s  p l a c e d  i n v o l v e s  f o u r  s e g m e n t i a l  d e c i s i o n a l  s t a g e s :

1. P r i m i t i v e  c a t e g o r i z a t i o n , o r  t h e  i n t r o d u c t i o n  o f  a  n e w  i d e a  i n t o  a
community in a manner where the meaning is minimal .

2 . C u e  s e a r c h ,  o r  t h e  p r e s e n t a t i o n  o f  i n f o r m a t i o n  a b o u t  t h e  i n n o v a t i o n
(change)  in  a  manner  whereby  the  commun i ty  can  s ta r t  the  c rea t ion  o f
c o n f i g u r a t i o n , t h r o u g h  a  s c a n n i n g  f o r  a d d i t i o n a l  i n f o r m a t i o n . I n  t h i s
s t a g e , i n n o v a t i o n  c a n  b e  d i f f u s e d  i n t o  t h e  e x i s t i n g  i n s t i t u t i o n a l  s t r u c -
t u r e  b y  h i g h  c u e - t o - p o l i c y  p r o b a b i l i t y  l i n k a g e s . The innovat ion  can
t h e n  b e  v i e w e d  i n  t h e  c o n t e x t  o f  a n  e x i s t i n g  i n s t i t u t i o n a l  f r a m e w o r k .

3. C o n f i r m a t i o n  c h e c k ,  o r  t h e  p r o c e s s  w h e r e b y  a l t e r n a t i v e  c o n f i g u r a t i o n s
a r e  e l i m i n a t e d  f r o m  t h e  r e c e i v e r ’ s  c o g n i t i v e  f r a m e  o f  r e f e r e n c e . The
s e a r c h ,  t h e n , i s  l i m i t e d  t o  a d d i t i o n a l  c o n f i r m a t o r y  c u e s .

4 .  C o n f i r m a t i o n  c o m p l e t i o n , a c c e p t a n c e  o f  t h e  i n n o v a t i o n ,  o r  i m p l e m e n t -
a t i o n  t h r o u g h  a  t e r m i n a t i o n  o f  c u e  s e a r c h . I n  t h i s  l a s t  s t a g e ,  o p e n n e s s
t o  a d d i t i o n a l  c u e s  i s  g r e a t l y  r e d u c e d  a n d  i n c o n s i s t e n t  o r  i n a p p r o p r i a t e
c u e s  a r e  e i t h e r  “ t h r o w n  o u t ” o r  m o d i f i e d  t o  f i t  t h e  p o l i c y .

T h e s e  f o u r  g e n e r a l  s t a g e s  i n  t h e  l i t e r a t u r e  o f  d e c i s i o n - m a k i n g ,  s u p p o r t e d  a l s o
b y  t h e  g e n e r a l  p r i n c i p l e s  o f  s o c i a l  c h a n g e  a n d  d i f f u s i o n  o f  i n n o v a t i o n ,
emphas ize  how dec is ion -mak ing  becomes a  l i nk  be tween  po l i cy  fo rmu la t ion  and
p o l i c y  e x e c u t i o n . Obv ious ly , t h e r e  i s  q u i t e  a n  a d d i t i o n a l  n u m b e r  o f  a t t i t u d -
i n a l  a n d  s t r u c t u r a l  c o n d i t i o n s  t h a t  m u s t  b e  t a k e n  i n t o  a c c o u n t  i n  o r d e r  t o
br idge  what  has  been conce ived  as  a  po l i cy  impera t i ve  and what  wou ld  resu l t
i n  imp lementa t ion . I n  t h i s  c o n t e x t , i t  s h o u l d  b e  i m p o r t a n t  t o  r e l a t e  t h e
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d iscuss ion  in  Sec t ion  4  in  wh ich  we conceptua l i zed  the  br idg ing  be tween what
i s “ i d e a l ” a n d  w h a t  i s  “ p r a c t i c a l ”  o r  i m p l e m e n t a b l e .

T h e  c r i t i c a l  i d e a  i n  t h i s  e x p o s i t i o n  i s  t h a t  o f  c l o s u r e ,  i . e . ,  b l o c k i n g
o f f  a l t e r n a t i v e  m o d e s  o f  c o n f i g u r a t i o n  o r  a c t i v i t i e s  w h i c h  w i l l  i n h i b i t  i m p l e -
menta t ion . T h i s  p a r t i c u l a r  a p p r o a c h  d o e s  n o t  i n d i c a t e  a  o n e - w a y  p r o c e s s ,  b u t
a n  i n t e r a c t i o n  b e t w e e n  t h e  s e n d e r  a n d  r e c e i v e r . The prev ious  d iscuss ion
br ings forward a number of  more encompassing models of  the process of  innova-
t i o n  a n d  d i f f u s i o n . F a r t  o f  b u i l d i n g  t h e  b a s i s  f o r  i m p l e m e n t a t i o n  i s  b a s e d
a l s o  o n  t h e  s p e c i f i c s  o f  t h e  p r o c e s s  o f  i n n o v a t i o n  d i f f u s i o n  w h i c h  r e l a t e s  h o w
the  innova t ion  (change)  i s  d i f fused  th roughout  a  soc ia l  sys tem,  and  becomes
accepted. T h i s  p r o c e s s  e n t a i l s  t w o  c o n d i t i o n s  t h a t  m u s t  b e  t a k e n  i n t o  c o n s i d -
e r a t i o n : a )  t h e  t r a n s m i s s i o n  p r o c e s s ; a n d  b )  t h e  d i f f u s i o n  a n d  u t i l i z a t i o n
model.

T h e  i n n o v a t i o n - d i f f u s i o n  l i t e r a t u r e  c o m p r i s e s  a  v a s t  n u m b e r  o f  s t u d i e s
a n d  t h e o r e t i c a l  p i e c e s  w h i c h  e x a m i n e  t h e  v a r i o u s  a s p e c t s  o f  t h i s  p r o c e s s . Our
main  emphas is  here  i s  to  search  fo r  cond i t ions  tha t  p rov ide  a  more  conduc ive
e n v i r o n m e n t  f o r  t h e  a d o p t i o n  o f  a n  i n n o v a t i o n . R e g a r d i n g  t h e  d i f f e r e n t  a s -
p e c t s  o f  t h i s  p r o c e s s  w h i c h  a r e  i n t e g r a t e d  i n t o  t h e  c o n d i t i o n s  d e t e r m i n i n g  t h e
d e g r e e  o f  i n n o v a t i v e n e s s , two general  d imensions emerge: c h a r a c t e r i s t i c s  o f
t h e  r e c e i v e r  a n d  c h a r a c t e r i s t i c s  o f  t h e  i n n o v a t i o n . I n  t e r m s  o f  t h e  r e c e i v e r ,
t h e  l i t e r a t u r e  c o n c e n t r a t e s  o n  f a c t o r s  w h i c h  p r e d i s p o s e  o n e  t o  a c c e p t  o r  r e j e c t
a n  i n n o v a t i o n . A  g r e a t  v a r i e t y  o f  p e r s o n a l  c h a r a c t e r i s t i c s  h a v e  b e e n  d e -
s c r i b e d , a s  w e l l  a s  t h e  g r o u p ’ s  i n f l u e n c e  o n  t h e  i n d i v i d u a l . G e n e r a l l y ,  t h e
r e c e i v e r  o f  a n  i n n o v a t i o n  h a s  b e e n  e x a m i n e d  a t  d i f f e r e n t  l e v e l s  o f  a b s t r a c t i o n
a s  t o  v a r i o u s  c h a r a c t e r i s t i c s  w h i c h  y i e l d  a  g r e a t e r  c o n d u c i v e n e s s  t o w a r d
change. O t h e r  r e s e a r c h e r s  b e l i e v e  t h a t  i f  a  m o d e l  o f  i n n o v a t i o n - d i f f u s i o n
i s  t o  b e  c o n s t r u c t e d , o n e  m u s t  l o o k  a t  t h e  i n t e r a c t i o n  b e t w e e n  t h e  i n n o v a t i o n
and the  rece iv ing  sys tem. Two aspects of innovat ion have been examined: i t s
i n t r i n s i c  a n d  e x t r i n s i c  a t t r i b u t e s . I n t r i n s i c  a t t r i b u t e s  a r e  t h o s e  c h a r a c -
t e r i s t i c s  w h i c h  a r e  i n h e r e n t  i n  t h e  i n n o v a t i o n  i t s e l f ,  s u c h  a s  i t s  d i v i s i b i l -
i t y , c o m p l e x i t y ,  v i s i b i l i t y ,  a n d  o t h e r s . E x t r i n s i c  a t t r i b u t e s  a r e  c h a r a c t e r -
i s t i c s  o f  t h e  i n n o v a t i o n  w h i c h  h a v e  m e a n i n g  o n l y  i n  t h e  c o n t e x t  o f  s p e c i f i e d
a u d i e n c e s  o r  a d o p t i o n  s e t t i n g s . T h e s e  a t t r i b u t e s  i n c l u d e  s u c h  c o n d i t i o n s  a s
t h e  d e g r e e  o f  r a d i c a l n e s s  ( d e p a r t u r e  f r o m  t h e  n o r m ) ,  c o s t ,  a n d  r e l a t i v e
advantage. Perhaps  a  be t te r  way  o f  summar iz ing  the  concept  i s  th rough the
he lp  o f  two  accompany ing  f igu res  (17  and  18) . W i t h  r e g a r d  t o  t h e  d i f f e r e n t
a t t r i b u t e s  o f  a n  i n n o v a t i o n , o t h e r  r e s e a r c h e r s  i n s e r t  t h e s e  i n n o v a t i o n s  i n t o
social  set t ings and examine how they permeate such systems through communica-
t i o n s , o p i n i o n  l e a d e r s ,  o r  g a t e k e e p e r s .

A s  i n d i c a t e d  e a r l i e r , t h e  p r o c e s s  o f  i n n o v a t i o n - d i f f u s i o n  i n v o l v e s  h o w
t h e  i n n o v a t i o n  i s  d i f f u s e d  t h r o u g h  a  s o c i a l  s y s t e m . T h i s  e n t a i l s  t w o  c o n d i -
t i o n s  t h a t  m u s t  b e  t a k e n  i n t o  c o n s i d e r a t i o n : a )  t h e  t r a n m i s s i o n  p r o c e s s e s ;
a n d  b )  d i f f u s i o n  a n d  u t i l i z a t i o n  m o d e l s . Have lock  (1973)  has  descr ibed  th ree
t ransmiss ion  processes : o n e - w a y  d i f f u s i o n , one-way feedback and two-way
t r a n s m i s s i o n , O n e - w a y  d i f f u s i o n  i s  u s e d  a t  t i m e s  w h e n  t h e  u s e r  i s  a  r e c e i v e r
o n l y  a n d  w h e n  t h a t  u s e r  c a n n o t  e n t e r  i n t o  a  r e l a t i o n s h i p  w i t h  t h e  s e n d e r .
Th is  fo rm o f  commun ica t ion  i s  adequa te  fo r  t ransmiss ion  o f  knowledge  when the
m e s s a g e  i s  n o t  l i k e l y  t o  e l i c i t  a u d i e n c e  r e s i s t a n c e  o r  w h e n  t h e  g o a l s  o f  t h e
commun ica to r  focus  on  in fo rm ing  the  rece ive r , mak ing  the  rece iver  aware  o f
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DIMENSIONS: Some categories Descr ibing the Dimensions

Radicalness
-Performance

- S t r u c t u r a l

R i s k / U n c e r t a i n t y

L R e t u r n  o n  I n v e s t m e n t  ( p r o f i t a b i l i t y )

Congruence

C o m p a t i b i l i t y

A l t e r n a t i v e s

Importance

E f f i c i e n c y -----------------[ Time Saving
Avo idance  o f  D iscomfor t

T e r m i n a l i t y

L o n g e v i t y  P o t e n t i a l

Advocate-----------------------   I Behavior

L Communication--------- Number of Gatekeepers
media      T y p e    [ M a s s

Face-to-Face

F igure  17 . E x t r i n s i c  a t t r i b u t e s  o f  a n  i n n o v a t i o n .
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D i v i s i b i l i t y

-Commun icab i l i t y

- V i s i b i l i t y

- D e m o n s t r a t i o n / T r a i l a b i l i t y

C o m p l e x i t y  ( t e c h n i c a l )

- E v a l u a t i o n  C a p a b i l i t y

-Ex tens i veness /Longev i t y  Po ten t i a l

- S u s c e p t i b i l i t y  t o  C o n t i n u e d
M o d i f i c a t i o n

R e v e r s i b i l i t y

P u b l i c  v s .
Private -----------------------  Commitment

G a t e w a y a b i l i t y

F igure  18 . I n t r i n s i c  a t t r i b u t e s  o f  a n  i n n o v a t i o n .
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c e r t a i n  i n f o r m a t i o n , o r  a r o u s i n g  t h e  r e c e i v e r ’ s  i n t e r e s t . One-way feedback
t r a n s m i s s i o n  i s  u s e d  w h e n  s o m e  r e s p o n s e  o f  t h e  r e c e i v e r  w i l l  b e  e v o k e d .  I t
i s  a n  e s s e n t i a l  m e c h a n i s m  f o r  o b t a i n i n g  r e c e i v e r  i n f o r m a t i o n  i n  l a r g e  s y s t e m s
where  two-way  communica t ions  a re  imprac t i ca l . Feedback mechanisms include use
o f  p u b l i c  a r c h i v e s ,  p r i v a t e  r e c o r d s , a t t i t u d e  a n d  o p i n i o n  s u r v e y s ,  o b s e r v a -
t i o n s ,  p e t i t i o n s , among other media. Two-way t ransmiss ion is  used when i t  i s
v i t a l  t h a t  i n f o r m a t i o n  a b o u t  i n n o v a t i o n s  b e  t r a n s m i t t e d  i n  a  s e t t i n g  w h e r e
free and immediate feedback can be received and responded to. I t  i s  t h i s
type  o f  commun ica t ion  tha t  i s  needed to  b r ing  abou t  complex  change. There
are  var ious  methods  to  imp lement  th is  t ype  o f  commun ica t ion ;  inc lud ing  T-
g r o u p s ,  p u b l i c  p a r t i c i p a t i o n  p r o g r a m s ,  a m o n g  o t h e r s . In summary, one-way
med ia  i s  an  e f fec t i ve  means  o f  in fo rming  mass  aud iences  about  an  innova t ion
w h i l e  t w o - w a y  t r a n s m i s s i o n  i s  i m p e r a t i v e  f o r  t h e  a d o p t i o n  o f  i n n o v a t i o n s
r e q u i r i n g  a l t e r a t i o n s  i n  a t t i t u d e s  a n d  b e h a v i o r .

The  p rocess  o f  d i f fus ing  an  innova t ion  can  be  d iagrammed in  F igure  19 .
W h i l e  t h i s  f i g u r e  d e p i c t s  t h e  d e g r e e  o f  p r o g r e s s i v e  i n v o l v e m e n t  b y  i n d i v i d u -
a l s , the  same type  o f  log ic  can  be  app l ied  to  aggrega tes . Rogers and
Shoemaker  (1971)  v iew the  co l lec t i ve  innova t ion  dec is ion-mak ing  p rocess
s i m i l a r l y  b y  d e s c r i b i n g  f i v e  s t e p s  i n  t h e  p r o c e s s : a )  s t i m u l a t i o n  o f  i n t e r -
e s t  i n  t h e  n e e d  f o r  n e w  i d e a s ;  b )  i n i t i a t i o n  o f  t h e  n e w  i d e a  i n  t h e  s o c i a l
system; c )  l e g i t i m a t i o n  o f  t h e  i d e a  b y  p o w e r  h o l d e r s ;  d )  d e c i s i o n  t o  a c t  b y
members  o f  the  soc ia l  sys tem; a n d  e )  t h e  e x e c u t i o n  o f  t h e  i d e a .

A s  e m p h a s i z e d  i n  t h e  e x t r i n s i c  a t t r i b u t e s  o f  a n  i n n o v a t i o n ,  i t  i s  h o w
s o c i a l  a c t o r s  i n  a  s o c i a l  s t r u c t u r e  p e r c e i v e  a n d  d e f i n e  t h e  i n n o v a t i o n  t h a t  i s
o f  c r i t i c a l  i m p o r t a n c e . H o w  t h a t  s t r u c t u r e  i s  o r g a n i z e d  w i l l  d e t e r m i n e  t h e
p a r a m e t e r s  f o r  t h e  e x t r i n s i c  a t t r i b u t e s  o f  t h e  i n n o v a t i o n . The  o rgan iza t ion
i s  t h e  f o c u s  o f  a n a l y s i s , f o r  n o  i n n o v a t i o n  w i l l  b e  a d o p t e d  i f  i t  i s  g o i n g  t o
b e  i n t r o d u c e d  t o  i n d i v i d u a l s  a s  i n d e p e n d e n t  e n t i t i e s . The  key  ca tegor ies  o f
o rgan iza t iona l  components  a re  summar ized  in  F igure  20 . Each of  these dimen-
s i o n s  ( a n d  t h e  i n t e r a c t i v e  t o t a l i t y  o f  a l l  s u c h  c o m p o n e n t s )  b e c o m e  c r i t i c a l
p o i n t s  o f  d i f f e r e n t i a t i o n , i n t e g r a t i o n  a n d  i n t e r f a c e  t h a t  m a y  f a c i l i t a t e  o r
h i n d e r  a d o p t i o n  o f  i n n o v a t i o n . The process of  implementat ion becomes the
s y n t h e s i s  o f  d i f f u s i o n  e l e m e n t s  f o l l o w i n g  a n  i n n o v a t i o n  w i t h  i t s  s p e c i f i c
a t t r i b u t e s  t h r o u g h  a  s p e c i f i c  o r g a n i z a t i o n a l  s t r u c t u r e . A  key  concern  i s  the
i n s t i t u t i o n a l i z a t i o n  o f  a  n e w  t r a i t - m a k i n g  c o n d i t i o n  i n  t h e  t a r g e t  s o c i a l
system. A  p a r a d i g m  f o r  t h i s  p r o c e s s i n c l u d e s  t h e  f o l l o w i n g  s t e p s : s t i m u l a -
t i o n , i n i t i a t i o n ,  l e g i t i m a t i o n ,  d e c i s i o n , act ion (Rogers and Shoemaker,  1971,
p .  2 7 6 ) . St imulat ion is the subprocess where someone becomes aware that a
n e e d  e x i s t s  f o r  a  c e r t a i n  i n n o v a t i o n  w i t h i n  a  s o c i a l  s y s t e m . I n i t i a t i o n  i s
the  subprocess  where  a  new idea  rece ives  inc reased a t ten t ion  by  members  o f
t h e  s o c i a l  s y s t e m  a n d  i s  f u r t h e r  a d a p t e d  t o  t h e  n e e d s  o f  t h e  s y s t e m . Inno-
v a t i o n  i s ,  t h e n , l e g i t i m i z e d  a n d  s a n c t i o n e d  b y  t h e  p o w e r  h o l d e r s  i n  t h e  s o c i a l
o r g a n i z a t i o n . A t  t h e  e n d ,  t h e r e  i s  a  d e c i s i o n  t o  a c t  o n  t h e  i n n o v a t i o n ,  w h i c h
e v e n t u a l l y  i s  i m p l e m e n t e d  ( e x e c u t e d ) .

B e f o r e  c o n c l u d i n g  w i t h  s o m e  p r a c t i c a l  c o n s i d e r a t i o n s  a s  t o  h o w  t h e  d i f -
f u s i o n  o f  i n n o v a t i o n  r e l a t e s  t o  t h e  i m p l e m e n t a t i o n  o f  d e c i s i o n s  c o n c e r n i n g
i r r i g a t i o n  r e t u r n  f l o w ,  w e  n e e d  t o  m a k e  s o m e  f i n a l  r e m a r k s  a s  t o  t h e  c e n t r a l -
i t y  o f  t h e  r o l e  o f  t h e  i n d i v i d u a l  w a t e r  u s e r  ( t h e  r e c e i v e r  o f  t h e  c h a n g e  o r
i n n o v a t i o n ) . I n  l o o k i n g  a t  t h e  r e c e i v e r , t h e  c r i t i c a l  c o n c e r n  i s  t o  d i s c o v e r
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Innovat ion becomesInnovat ion becomes
r o u t i n e ;r o u t i n e ; p a r t  o fp a r t  o f

Decreas ing  invo lvement
w i t h  a c c u s t o m i z a t i o n
a n d  i n t e r n a l i z a t i o n

High invo lvement : e f f o r t s
to  adopt t h e i n n o v a t i o n

High invo lvement : a c t i o n
i n f o r m a t i o n  s e e k i n g , t r y - o u t

Modera te  invo lvement :
i n f o r m a t i o n  s e e k i n g

S l i g h t  i n v o l v e m e n t :
beginning awareness

TIME >

Figure  19 . I n v o l v e m e n t  o f  s o c i a l  u n i t  d u r i n g  a d o p t i o n  p r o c e s s .
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t h e  c o n d i t i o n s  t h a t  w i l l  r e s u l t  i n  t h e  r e c e i v e r  b e c o m i n g  m o r e  i n n o v a t i v e .  O f
i m p o r t a n c e  f o r  t h e  a r g u m e n t  a t  h a n d  i s  w h a t  a r e  t h e  c o n d i t i o n s  t h a t  i n f l u e n c e
t h e  a d o p t i v e  b e h a v i o r  o f  t h e  r e c e i v e r  ( a n d  w h i c h  e v e n t u a l l y  l e a d  t o  g r o u p
accep tance) .

F i g u r e  2 1  i s  a  m o d i f i e d  d i a g r a m  o f  J o n e s ’  ( 1 9 6 7 )  c o n f i g u r a t i o n  o f  t h e
f a c t o r s  a f f e c t i n g  t h e  a d o p t i o n  b e h a v i o r  o f  a  r e c e i v i n g  u n i t .  C o m m u n i t y  n o r m s
a n d  i n s t i t u t i o n a l  f a c t o r s  d e s c r i b e  h o w  t h e  c o m m u n i t y  i s  g e n e r a l l y  o r g a n i z e d
a s  a  s o c i a l  u n i t . I t  encompasses  the  range o f  d imens ions  wh ich  d i f fe ren t ia te
t h a t  c o m m u n i t y  f r o m  i t s  e n v i r o n m e n t ;  i . e . , th rough land  tenure  sys tems,  types
o f  s o c i a l  o r g a n i z a t i o n ,  k i n s h i p  s y s t e m s ,  e t c . These  pa ramete rs  resu l t  f rom
t h e  p a r t i c u l a r i s t i c  c o n f i g u r a t i o n  o f  h i s t o r i c a l ,  e c o n o m i c  a n d  r e l i g i o u s  f a c -
to rs  wh ich  have  emerged and  in  combina t ion  w i th  soc io -psycho log ica l  charac-
t e r i s t i c s  a n d  s i t u a t i o n a l  c o n s t r a i n t s  a f f e c t  t h e  r a t e  a n d  e x t e n t  o f  a d o p t i v e
b e h a v i o r .

P e r h a p s  t h e  a b o v e  h a s  b e e n  a  r a t h e r  l o n g  t h e o r e t i c a l  e x c u r s i o n  i n t o  t h e
c o n c e p t  o f  c h a n g e  a n d  d i f f u s i o n  o f  i n n o v a t i o n . T h e y  a r e ,  h o w e v e r ,  t h e  i n d i r e c t
m e a n s  f o r  h e l p i n g  i n  t h e  s y n t h e s i s  o f  e m p i r i c a l  f i n d i n g s  c o n c e r n i n g  i m p l e m e n t -
a t i o n . A c c o r d i n g  t o  v a r i o u s  a u t h o r s , imp lementa t ion  i s  seen  as  a  p rocess  o f
p r e s s u r e  p o l i t i c s ; o f  t h e  m a s s i n g  o f  a s s e n t ;  a s  a d m i n i s t r a t i v e  c o n t r o l ;  a s
t h e  p r o c e s s  o f  i n t e r g o v e r n m e n t a l  b a r g a i n i n g ;  a s  t h e  c o m p l e x i t y  o f  j o i n t
a c t i o n ; or as a system of games. This literature describes admirably the
prob lems encoun te red  in  the  imp lementa t ion  phase  (o r  execu t ion  o f  po l i cy ) ,
b u t  t h e r e  i s  s t i l l  a  l a c k  o f  g e n e r a l i z a b i l i t y  f r o m  w h i c h  a  t h e o r e t i c a l  m o d e l
m a y  s p r i n g  f o r t h . W e  m u s t  r e t u r n  t o  t h e  s p e c i f i c  p r e m i s e s  o f  t h i s  s t u d y  a n d
t o  t h e  i n i t i a l  o b s e r v a t i o n  t h a t  i m p l e m e n t a t i o n  i s  r e a l l y  t h e  v e r y  d y n a m i c
p r o c e s s  i t s e l f  o f  d e f i n i t i o n ,  i n v e s t i g a t i o n ,  a n a l y s i s ,  a n d  e v a l u a t i o n  o f
a l t e r n a t i v e s . T h e  p r o c e s s  o f  a r r i v i n g  a t  a p p r o p r i a t e  s o l u t i o n s ,  t h e  a s s e s s -
m e n t  o f  a l t e r n a t i v e s , a n d  t h e  p a t t e r n s  o f  i n t e r a c t i o n  a n d  f e e d b a c k  a r e ,  i n  t h e
bes t  sense o f  the  word , t h e  b a s i s  f o r  a n  e v e n t u a l  i m p l e m e n t a t i o n .

W h a t  a l l  t h e  a b o v e  i m p l y  i s  t h a t  t h e  i m p l e m e n t a t i o n  p r o c e s s  a s  r e l a t e d
t o  t h e  l a r g e r  u n d e r s t a n d i n g  o f  c h a n g e  a n d  d i f f u s i o n  o f  i n n o v a t i o n  r e q u i r e s
q u i t e  a  c o m p l e x  s y s t e m  o f  i n t e r l o c k i n g  f a c t o r s  w h o s e  m o d e l i n g  i s  q u i t e  d i f f i -
c u l t , e s p e c i a l l y  i f  o n e  i s  c o n s i d e r i n g  t h e  v a r y i n g  c i r c u m s t a n c e s  o f  m a n y
v a l l e y s  i n  t h e  a r i d  W e s t . I n  t h e  c o n t e x t  o f  t h e  f i n d i n g s  o f  t h e  p r e s e n t  s t u d y
a n d  w i t h  s e n s i t i v i t y  t o  t h e  l i t e r a t u r e  r e v i e w e d , we can develop some prel imi-
n a r y  o p e r a t i o n a l  p r i n c i p l e s  a i m e d  a t  i m p l e m e n t i n g  i n n o v a t i o n s . T h e  f o l l o w i n g
p r i n c i p l e s  s i m p l y  p r o v i d e  a  c h e c k l i s t  o f  k e y  p o i n t s  a n d  t y p e s  o f  a c t i v i t i e s
t h a t  m u s t  b e  t a k e n  i n t o  a c c o u n t  i n  i m p l e m e n t i n g  a  p o l i c y  o p t i o n ,  s u c h  a s  t h e
p r o v i s i o n s  o f  P . L .  9 2 - 5 0 0 .

I . I n i t i a t i o n  P h a s e

1 . 1  C o n f e r  w i t h  l o c a l  l e a d e r s

. The purpose is to create a consciousness among the power holders
( fo rma l  and  i n fo rma l )  abou t  t he  p rob lem.

- Example:
Con tac t  l oca
(quality and

l  and  s ta te  agenc ies
q u a n t i t y ) .
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 C o m m u n i t y  N o r m s  a n d  I n s t i t u t i o n a l  F a c t o r s  

S o c i o - C u l t u r a l Soc io -Psycho log ica l
C h a r a c t e r i s t i c s C h a r a c t e r i s t i c s

S t r u c t u r a l C u l t u r a l Personal P e r s o n a l i t y
C h a r a c t e r i s t i c s T r a i t s

I

S i t u a t i o n a l
F a c i l i t a t o r s / C o n s t r a i n t s

O r g a n i z a t i o n a l I n d i v i d u a l

F igure  21 . F a c t o r s  a f f e c t i n g  t h e  a d o p t i v e  b e h a v i o r
o f  r e c e i v i n g  u n i t .
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C o n t a c t  i r r i g a t i o n  d i s t r i c t  m a n a g e r s .
C o n t a c t  d i s t r i c t  b o a r d  m e m b e r s  ( s t a r t  o f  p u b l i c  i n v o l v e m e n t ) .
C o n t a c t  a n y  l o c a l  o f f i c i a l s  t h a t  m a y  b e  i n v o l v e d  w i t h  w a t e r

m a n a g e m e n t  ( c i t y  o f f i c i a l s ,  e t c . ) .

1 . 2  E s t a b l i s h  i n v o l v e m e n t  a m o n g  t h e  l e a d e r s

. This will open access routes to various groups in the community.
I t  w i l l  a l s o  c r e a t e  a  s i t u a t i o n  f o r  t h e  e x p l o i t a t i o n  o f  p u b l i c
p a r t i c i p a t i o n  s t r a t e g i e s . I t  w i l l  b e g i n  t o  d e v e l o p  a n  i n t e r e s t ,
i f  no t  commi tmen t , among leaders to the program and to implement-
a t i o n  e f f o r t s .

-  Example:

S o l i c i t  t h e  h e l p  o f  t h e  c o n t a c t e d  l e a d e r s  t o  w o r k  w i t h  t h e
program; ask  them fo r  ideas  about  the  ex is t ing  p rogram and how i t
might  change; ask them for ideas on how they would approach the
problem.

1 .3  Seek  to  leg i t ima te  the  p rogram among the  leaders .

-  Example:

Get commitments among the contacted people to support  var ious
programs ; to  be  w i l l i ng  to  spend some t ime work ing  on  these  p ro -
grams; to  he lp  o rgan ize  commi t tees  to  take  over  these  p rograms
( increased commitment) .

2. Organ iza t iona l  Phase.

2 .1  Crea te  work ing  commi t tees  to  dec ide  on  the  bes t  imp lementa t ion
s t r a t e g y . T h i s  e n c o m p a s s e s  t h e  s e t t i n g  o f  g o a l s  a n d  o f  a l t e r n a t i v e
procedures  to  imp lement  the  so lu t ion  in to  the  commun i ty .

-  Example:

U s e  t h e  e x i s t i n g  o r g a n i z a t i o n a l  l i n k a g e s  a m o n g  i r r i g a t i o n  d i s -
t r i c t s  t o  s e r v e  a s  t h e  c o m m i t t e e . A lso  b r ing  in  board  members ,
c i t y  o f f i c i a l s , a n d  s t a t e  o f f i c i a l s . O t h e r  s t r a t e g i e s  t h a t  c a n
b e  d e v e l o p e d  a r e  d e m o n s t r a t i o n  p r o j e c t s  w i t h  e x t e n s i o n ,  p u b l i c
meet ings , a r e a  i n t e r v i e w s , i n d i v i d u a l  f a r m e r  i n t e r v i e w s ,  u s e  o f
e x i s t i n g  s e r v i c e  o r g a n i z a t i o n s ,  e t c .

2 . 2  E s t a b l i s h  a  l e g a l ,  f i n a n c i a l ,  t e c h n i c a l ,  a n d  p r e s t i g i o u s  f o u n d a t i o n
fo r  work ing  commi t tees .

-  Example:

B r i n g  i n  o r g a n i z a t i o n s ,  a g e n c i e s ,  e t c . ,  t h a t  h a v e  a u t h o r i t y  t o
i n s t i t u t e  c h a n g e s  i n  t h e  w a t e r  a p p l i c a t i o n  a r e n a . Look  fo r
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fund ing  sources . Have adequate ly  t ra ined  personne l  (e .g . ,  SCS,
Ex tens ion  Se rv i ce , e t c . )  t o  p e r f o r m  t h e  n e e d e d  t a s k s . l nc lude
op in ion  leaders  on  the  commi t tee .

2 . 3  E s t a b l i s h  a  p u b l i c  p a r t i c i p a t i o n  p r o g r a m .

. This program can involve public meetings, interviews, educational
programs, and  o ther  fo rms  o f  mass  commun ica t ion  to  in te res t  the
p e o p l e  a n d  i n v o l v e  i n d i v i d u a l s . Planning should be a two-way
f l o w  o f  i d e a s . I n c o r p o r a t e  n e e d e d  i n d i v i d u a l s  a n d  o r g a n i z a t i o n s
in to  p lann ing  phase.

-  Example:

W r i t e  a r t i c l e s  i n  t h e  n e w s p a p e r s ; have committee members conduct
p u b l i c  h e a r i n g s / m e e t i n g s ; have committee members go to farmers
( v i a  o p i n i o n  l e a d e r s )  a n d  i n t e r v i e w  t h e m  o n  t h e  p r o g r a m ;  e l i c i t
suggest ions ; s e t  u p  a n  e d u c a t i o n a l  b o o t h  a t  f a i r s ,  w o r k  t h r o u g h
e x i s t i n g  e d u c a t i o n a l  o r g a n i z a t i o n s  l i k e  t h e  E x t e n s i o n  S e r v i c e ,
e t c .

3. Operat ional  Phase.

3 . 1  A d m i n i s t e r  t h e  P r o g r a m

- Example:

Have  the  commi t tee  se t  dead l ines  fo r  spec i f i c  ac t ion  to  be  accom-
p l i s h e d .  C o n t a c t  f a r m s  t h a t  a r e  g o i n g  t o  b e  w o r k e d  o n ;  c o n t a c t
d i s t r i c t s  t h a t  w i l l  b e  i n v o l v e d  w i t h  t h e  p r o g r a m .  S e t  u p  “ s c h e d -
u l e  o f  a c t i v i t y . ” Obta in  needed resources  and  coord ina te
personne l . P e r f o r m  t h e  s p e c i f i c  o p e r a t i o n s . Emphasis must be
o n  i n t e g r a t e d  a c t i o n  b y  t h e  v a l l e y  a s  a  w h o l e .

3 . 2  E v a l u a t i o n

Commi t tee  and  fa rmers  eva lua te  the  p rog ram.  The  p rogram i s  then
ampl i f i ed ,  mod i f i ed ,  o r  changed  th rough  con t inuous  feedback .

-  Example:

O b t a i n  a g r e e m e n t s  a s  t o  r a n g e  o f  o p t i o n s ,  p r i o r i t i e s  a n d  f e a s i b l e
c o u r s e s  o f  a c t i o n .

The  remarks  made th roughout  th i s  las t  sec t ion  b r ing  us  back  aga in  to  the
r o o t s  o f  t h e  d e b a t e  c o n c e r n i n g  t h e  r e s i s t a n c e  f o r  i m p l e m e n t i n g  i r r i g a t i o n
r e t u r n  f l o w  c o n t r o l  m e a s u r e s . Assuming  tha t  we have  de f ined  the  r igh t  p rob lem,
t h e  a p p r o p r i a t e  a p p r o a c h  a n d  s e n s i t i v i t y  t o  l o c a l  c o n d i t i o n s ,  t h e n  i m p l e m e n t -
a t i o n  e f f o r t s  b e c o m e  m o r e  f e a s i b l e ,  g i v e n  t h e  c r e d i b i l i t y  o f  t h e  p o l i c y  a n d  t h e
b r o a d  c o n s e n s u s  a s  t o  n e e d  f o r  i n t e r v e n t i o n . Otherwise , the absence of  a
c l ima te  o f  coopera t ion ,  and  d isagreement , a s  t o  t h e  n a t u r e  a n d  u t i l i t y  o f
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proposed measures, w o u l d  r e i n f o r c e  n a s c e n t  f e e l i n g s  o f  m i s t r u s t  t o w a r d s
g o v e r n m e n t a l  r e g u l a t i o n  a n d  w o u l d  s e r i o u s l y  h i n d e r  t h e  u l t i m a t e  u s e f u l n e s s
o f  a  l a r g e r  s o c i a l  p o l i c y  c o n c e r n i n g  “ c l e a n e r  w a t e r . ”
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